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In the present book, the writer hais at-, 
tempted to give some o£ the more impor- 
tant developments in the bacterial treat- 
ment of sewage, but owing to the limita- 
tions of size, none of these can be consid- 
ered very complete. The work is, in eflEect, 
a series of hints, together with indications 
as to preferable treatment. 

It is obvious, that in such a book there 
is very little original work, and the facts 
and opinions are necessarily largely drawn 
from the studies of others. The chief 
works consulted and to which the author 
is more or less indebted, are : Sewage and 
the Bacterial Purification of Sewage, by 
Rideal; Barwise's Bacterial Purification 
of Sewage, as well as his earlier book on 
the Purification of Sewage 5 Natural and 
Artificial Sewage Treatment, by Jones & 
RoechUng ; Austin's Report on the Means 
of Deodorizing and Utilizing the Sewage 
of Towns 5 Thudichum's Bacterial Treat- 
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ment of Sewage ; The report of the Royal 
Commission on Sewage Disposal ; Reports 
of the Rivers' Department of the City of 
Manchester 5 Fuller's Composition of Sew- 
age in Relation to Problems of Disposal; 
Annual Reports of the Superintendent of 
Sewers of Worcester, Massachusetts; 
Annual' Reports of the Sewerage Com- 
mission of Connecticut; Report of the 
State Sewerage Commission of New 
Jersey ; Waring's Purification of Sewage 
by Forced Aeration ; Reports of the Bal- 
timore Sewerage Commission ; Lowcock's 
Filtration of Sewage ; Kinnicutt and Ed- 
dy's Action of the Septic Tank on Acid 
Iron Sewage; and Kinnicutt's Present 
Status of the Sewage Problem in Eng- 
land ; the Reports of the State Board of 
Health of Massachusetts and the Reports 
of the New York State Board of Health. 
More or less use has been made of 
material in these various books, reports 
and papers, of which a general acknowl- 
edgment is herewith made. In many 
cases a specific acknowledgment has also 
been made in the text. 

It is hoped that this little book may 

u. 



serve to clarify the purification of septic 
sewage. An attempt has been made, so 
far as possible within the limits of a book 
of this size, to place this method in its 
proper relation to other systems of sew- 
age disposal. 

G. W. E. 

Rochester, N. Y., Nov. 1, 1903. 
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Sewage disposal has always been a 
simple enough matter to the non-technical 
people who mostly control the affairs of 
municipalities, but to those charged with 
its administration, it has been, and still 
continues to be, exceedingly complex. 
The latter class are conservative in esti- 
mates and statements, while the former 
are positive that they, at any rate, have 
found the final solution. 

When we examine the matter histori- 
cally, we find that sewage disposal, pen- 
dulum like, has swung back and forth be- 
tween certain extremes. From fifty to 
sixty years ago, the sewage nuisance had 
so far forced itself upon pubHc attention, 
that a considerable number of works were 
constructed in England, and in the report 
of Henry Austin, " On the Means of De- 
odorizing and Utilizing the Sewage of 
Towns," published ki 1857, a general 

resum^ of the subject is given. At that 
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time, chemical precipitation was coming 
into use and extravagant notions of the 
value of the manure to be obtained were 
indulged in. It is unnecessary to state 
that none of these methods have justified 
the hopes of their inventors. A large 
number of patents were taken out for 
various chemical processes from about 
1845 to 1860 or 1870, but the majority of 
these patents were so impractical as never 
to go into operation. Indeed, sewage dis- 
posal, owing perhaps to its complex nature, 
is not properly subject to patents. The 
useful developments thus far have been 
mostly the work of scientific men, and or- 
dinary inventors have scarcely contributed 
anything thereto, nor are they likely to, 
because the complexity of the operations 
is such as to be beyond them. 

THE ORIGIN OF THE SEPTIC TANK. 

The separation of the solid matters in 
suspension by sedimentation, straining or 
filtration is, however, an interesting pro- 
cess, which was tried in England about 
1850, and which, from its developing on 
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lines qnite similar to what is now known 
as the septic process, may be considered a 
little at length. Mr. Austin describes the 
works at Cheltenham, England, for what 
he calls a mechanical process for separat- 
ing the soHd matter of sewage, as follows: 

** The building is d'yided longitudinally, forming 
below ground two sets of reservoirs or tanks, which 
are employed alternately. The sewage passes 
through vertical filters in the upper and lower 
tanks, whereby the great bulk of the matters in 
suspension is separated and retained. These filters 
are 5 feet deep and 2 feet thick, and consist of 
coarse gravel inclosed within 2-inch perforated 
boards, these being protected with basket work to 
prevent clogging. 

'*The heavier matters of the sewage deposit 
themselves at the bottom of the tanks, but a large 
proportion of the soUd forms itself into a floating 
body, and accumulates to about 18 inches thick on 
the surface. The liquid is conveyed from the an- 
gular filters in the upper tanks by a line of pipes 
in each division. 

'*A weir, or rather division, in the third orlimjng 
tank causes the water, then partially clear, to flow 
through a channel at each end during its passage, 
through which a certain proportion of cream of 
lime mixed on the floor above falls into it, and 
occasions a farther precipitation to take place. 



The effluent water then passes through another 
filter of gravel finer than before, and then through 
a third, finer stiU, to the outfall. 

**When either reservoir contains a certain 
amount of solid matter, the flow of sewage is out 
off and turned into the other. This takes place 
about every eight weeks, and the filtering medium 
of gravel is removed at the same time and washed. 
The contents of the tanks, which are in a state of 
'slush,* are then hoisted in buckets through the 
trap lids on to the floor above, and wheeled out 
and mixed with the scavenger's refuse of the town, 
the ashes, street sweepings, etc. These are brought 
to the yard, and a kind of embanked reservoir is 
formed of them immediately outside the building, 
and as the semi-solid sewage is wheeled into the 
midst, the dry refuse outside is turned on to it. 
The liquid is at once absorbed, and after being 
turned over and thoroughly intermixed, the solid 
mass is fit for immediate removal and use. 

'* The ashes and dry refuse of the town are said 
to be just sufficient for the purpose. They absorb 
about two-thirds of their bulk of sewage ; that is 
to say, one cubic yard of the ashes, etc., and two- 
thirds of a cubic yard of the semi-fluid sewage, 
make only one cubic yard of soUd manure.'* 

The foregoing quotation is especially 
interesting as indicating that Mr. Austin 
observed an operation in the Cheltenham 






tank exactly as is now known to exist in 
a septic tank ; that is, the heavier matters 
deposit themselves at the bottom, while 
a considerable portion of the solids forms 
itself into a floating body, accumulating to 
the thicknsss of about 18 inches on the 
surface. In view of this fact, it seems 
fair to say that, in a practical way, Mr. 
Austin was in reality the discoverer of the 
septic tank. Nevertheless, the real sig- 
nificance of the septic tank — ^the fact that 
the changes going on are biological — ^was 
not appreciated by him, as is shown by his 
calling it a " mechanical process for sep- 
arating the soUd matteir of sewage.'* Nor, 
indeed, does anyone seem to have appre- 
ciated the significance of these tanks, 
although a number of them were built and 
operated in England, with such success as 
is possible for that kind of a tank, but the 
so-called chemical purification process 
forged rapidly to the front, and mechani- 
cal separation — which we now call septic 
action — was lost sight of for a number of 
years, and chemical purification became 
for a time the leading form in England. 
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LAND PURIFICATION PROCESSES. 

In the mean time land purification pro- 
cesses were, where the proper conditions 
obtained, slowly gaining ground. These 
processes have always labored under this 
disadvantage, that not being in any way 
subject to patent, they have never had the 
booming which chemical precipitation and 
purification by septic action have received, 
although whether this is so great an 
advantage may, perhaps, be an open ques- 
tion. At any rate, the progress which 
such processes have made, while slow, has 
nevertheless been sure, until we are jus- 
tified in saying that where proper condi- 
tions obtain, broad irrigation and intermit- 
tent filtration are, all things considered, 
the most satisfactory systems yet worked 
out. As a broad proposition, in considera- 
tion of the value of the crops produced, 
broad irrigation is the cheapest system 
yet devised. Experiments at BerHn, Paris, 
Croyden, Doncaster, Birmingham and 
other places, show that large crops may 
be produced and be eaten without preju- 
dice to health. 



PURIFICATION BY BACTERIAL ACTION, 

Let us now consider the recent develop- 
ment of sewage purification by means of 
bacterial action. Tbis bas been a favor- 
ite subject for consideration by a number 
of biologists, scientific writers, etc., for a 
good many years. The history of the 
matter will not be gone into at length at 
this time any further than to point out 
two or three significant guide posts along 
the line. Like all other discoveries, its 
development has been gradual and is the 
work of many men instead of one. 

So far as can he learned, Dr. Alexander 
Mueller was the first person to clearly 
appreciate that bacteria were the prime 
agents in sewage purification. About 
1880, Dr. Mueller took out a patent en- 
deavoring to utilize the micro-organisms 
in sewage for purposes of purification. 
Works were built under this patent and 
were in operation for some time, to purify 
the effluent of a manufacturing establish* 
ment for beet sugar. Dr. Mueller says : 
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'* The contents of sewage are chiefly of organio 
origin, and in consequence of this an active process 
of decomposition takes place in sewage, through 
which the organic matters are gradnally dissolved 
into mineral matters, or, in short, are mineralized, 
and thus become fit to serve as food for plants. 
To the superficial observer this process appears to 
be a chemical self-reduction ; in reality, however, 
it is chiefly a process of digestion, in which the 
various, mostly microscopically small, animal and 
vegetable organisms utilize the organically fixed 
power for their life purposes. 

''The decomposition of sewage in its various 
stages is characterized by the appearance of enor- 
mous numbers of spirilla, then of vibrios (swarm- 
ing spores) and finally, of moulds. At this stage 
commences the re-formation of organic substance 
with the appearance of the chlorophyl-holding pro- 
tococcus, etc." 

In the meantime, in Deoem\)er, 1881, 
and January, 1882, an account of Mouras' 
automatic scavenger was published in 
France. This apparatus consists of a 
closed vault with a water seal, which it is 
stated rapidly transformed excrementi- 
tious matters into a homogeneous fluid, 
only slightly turbid, and holding the solid 
matters in suspension in the form of 
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scarcely visible filaments. The principle 
upon which the automatic scavenger acts 
is that animal dejecta contain within them- 
selves all the principles of fermentation 
necessary to liquefy them. Later obser- 
vations show that Mouras' view, that ani- 
mal dejecta contain within themselves the 
fermentative principle, is fundamentally 
true, and in this particular Mouras was, 
with Dr. Mueller, in advance of the scien- 
tific workers of that day. 

A number of investigators were at work 
upon the general problem, and in May, 
1886, Dr. Dupr6, in discussing a paper of 
Dr. Tidy's, at the Society of Arts of Eng- 
land, proposed to cultivate bacteria on a 
large scale, discharging them with an efflu- 
ent into a river where they might be ex- 
pected to further purify sewage. 

DIBDIN'S PAPER BEFORE THE INSTITUTION 
OF CIVIL ENGINEERS. 

In January, 1887, Mr. Dibdin read a 
paper before the Institution of Civil En- 
gineers, in which he discussed the pro- 
priety of using large quantities of Um6« 
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At that time many chemists claimed that 
lime was especially valuable in sewage puri- 
fication because it destroyed living organ- 
isms, such as bacteria which gives rise to 
putrefaction, the idea being that if all the 
organisms could be destroyed that sewage 
would be rendered innocuous. Mr. Dib- 
din took the ground that the very essence 
of sewage purification is not the destruc- 
tion of bacterial life, but is the resolution 
of organic matter into other combina- 
tions. Hence, it follows that an antisep- 
tic process is the very reverse of the 
object to be aimed at. That is to say, a 
septic process is required and hence the 
name septic sewage appKed later on to 
designate this process. 

EXPERIMENTS OP STATE BOARD OF HEALTH 

OP MASSACHUSETTS. 

In November, 1887, the Massachusetts 
State Board of Health commenced their 
classical experiments on the purification 
of water and sewage by filtration. The 
first two volumes of the reports, published 
in 1890y laid the foundations of the modem 
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development of bacterial sewage purifica- 
tion processes. The experiments were 
carried out with an unparalleled wealth of 
detail, and taken all in all, they are still 
unapproacbed by work done elsewhere. 
The reports have been continued from 
year to year down to the present time. So 
far as known to the writer, no criticism of 
the work of the State Board of Health of 
Massachusetts has ever been made, except 
that their experiments were on somewhat 
too limited a scale to be entirely compara- 
ble with practice, nevertheless the general 
deductions have been confirmed at a very 
large number of sewage works, both in 
Europe and America. 

SCOTT-MONCRIEFF'S EXPERIMENTS. 

An English engineer, W, D. Scott-Mon- 
crieflf, constructed experimental works for 
the bacterial purification of sewage in 
1891. He constructed a bacterial tank, in 
which the old principle of upward filtrar 
tion was applied, the crude sewage being 
admitted from below and gradually flow- 
ing upwards through a bed of stones. In 
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this way lie found that the liquefaction of 
solids was so effective that the sludge of 
ten persons was absorbed on nine square 
yards of land. The space beneath had a 
capacity of less than five cubic feet and 
would obviously have filled up except for 
the liquefying action which had taken 
place. 

DIBDIN'S EXPERIMENTS. 

In 1892, Mr. Dibdin began his experi- 
ments on filtration through coarse ma- 
terial, such as burnt ballast, coke breeze, 
gravel, etc., the object being to obtain 
a high degree of porosity, with power 
of re-absorbing atmospheric oxygen. In. 
the first series of experiments made, 

wooden tanks were used with an area of 

« 

1/200 of an acre. 

In the second series the filter covered 
an acre of land, the material consisting of 
three feet of pan breeze with three inches 
of "gravel. These experiments were con 
tinned from September, 1892, to Novem- 
ber, 1896. Space will not be taken to 
indicate the results any further than to 
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say that generally the bacterial purifica- 
tion of sewage was considerably advanced 
thereby. 

In the meantime, Mr. Dibdin had also 
conducted experiments for the Sutton 
Urban District Council, and in 1896, con- 
structed a bacteria tank for that authority. 
This tank was fairly satisfactory, and in 
1897, the District Council gave orders for 
a second tank for treating crude sewage. 
The first tank was filled with raw sewage 
entirely untreated, except that it had been 
strained through a screen to intercept 
the grosser particles. During sev«nty-six 
days, sewage was treated at the rate of 
773,000 gallons per acre per day, rest 
period included. In the London experi- 
ments one milUon gallons of the effluent 
from chemical precipitation were treated 
on the burnt ballast bed of one acre, as 
against about 60,000 gallons per acre per 
day treated through coarse sand, as per 
the system of. the State Board of Health 
of Massachusetts. 



14 



CAMERON'S SEPTIC TANK. 

About 1897, Mr. Cameron designed and 
placed in operation at Exeter, England, a 
septic tank. This tank is the septic tank 
as we now understand it. Its features are 
the reception of sewage without any pre- 
liminary treatment, in a covered tank 
having a capacity equal to anywhere from 
twelve to twenty-four hours flow of sewage. 
The cross-sectional area of this tank is 
large enough to permit the sewage pass- 
ing very slowly through it, thereby de- 
positing the heavy matters, leaving only 
the lighter ones to pass forward with the 
water to the coke breeze filter beds, con- 
structed on the same plan as in the Lon- 
don experiments. A comparison of the 
plans of Mr. Cameron's tank shows that in 
the essentials it is quite similar to the tank 
in use at Cheltenham, England, and also 
the experimental tank proposed by Mr. 
Austin in his report of 1857. To appreci- 
ate this fact one needs to have Mr. Aus- 
tin's report before him, together with plans 
of a Cameron tank. 
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The septic tank has been experimented 
upon by the State Board of Health of 
Massachusetts and a large amount of valu- 
able matter is given in the reports of 1898- 
1901, inclusive. These experiments, how- 
ever, are on somewhat too small a scale to 
be decisive, although probably the main 
conclusions will be verified by more ex- 
tended experiments. The most satisfac- 
tory experiments carried out in the United 
States have been made at Worcester, 
Massachusetts. 

As to the success attained in the purifi- 
cation of septic sewage, the results are 
somewhat contradictory, although under 
certain conditions, the process may be a 
material addition to a sewage purification 
plant, but success can not be depended 
upon in every case. Apparently, a distinc- 
tion must be made between fresh, stale, 
septic, and sewage mixed with refuse man- 
ufacturing waste, such as refuse from tan- 
neries, slaughter-houses, acid works, cheese 
factories, etc. All these different forms of 
pollution need to be experimented upon be- 
fore a final general rule can be formulated. 
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As regards the treatment of fresh 
sewage, the results indicate that an accu- 
mulation of sludge within the septic tank 
must be expected, amounting to a con- 
siderable percentage of that originally 
present in the sewage on entering the 
tank. Enthusiastic advocates of bacterial 
purification have affirmed an entire doing 
away with the sludge difficulty, but thus 
far this claim has not been verified. The 
sludge difficulty still remains, and when 
sewage works are operated on a large 
scale, will be the source of considerable 
trouble in the future, as it has been in the 
past. 

With stale sewage, which has under- 
gone mechanical, chemical and bacterial 
action while flowing through the sewers, 
it is possible that the action in the tank 
will be much more satisfactory than in the 
previous case. Experiments indicate that 
a considerable proportion of the organic 
matter in suspension will be removed 
either by liquefaction or by changing to 
gaseous form, and that its effluent can be 
easily further purified by filtration. 
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In the case of septic sewage, which has 
already been subjected to bacterial action, 
further bacterial processes may not only 
be unnecessary, but even harmful, because 
they render sewage difficult to purify by 
subsequent oxidation. 

EXPERIMENTS AT WORCESTER, MASSA- 
CHUSETTS. 

As to the effect on sewage containing 
manufacturing wastes, the report of 
Messrs. Kinnicutt and Eddy, The Action 
of the Septic Tank on Acid Iron Sewage, 
is perhaps the most authoritative of any 
experiments thus far instituted. These 
gentlemen state that from the slow pass- 
age of an acid iron sewage containing an 
amount of organic matter represented by 
about one part of albuminoid ammonia in 
one hundred thousand parts, an amount of 
iron in solution from five to eight parts 
and the free acid in terms of sulphuric 
acid about ten parts in one hundred thou- 
sand parts, the following results may be 
expected: 
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' ^ (1). That abont one-fourth of the total solid 
foatter oontained in the sewage will be removed. 

*' (2). That the effluent from the tank will con- 
tain about 20% less soluble matter than the crude 
sewage, owing to the soluble matter in the sewage 
being decomposed or changed into soluble sub- 
stances. 

*'(3). That the amount of suspended matter 
removed from the sewage will not greatly exceed 
30% unless special precautions are taken to retain 
in the tank the finely divided iron sulphide formed 
by the reduction of the soluble iron sulphate in 
the sewage. 

''(4). Tha|i the amount of organic matter re- 
moved from the sewage, as determined from the 
albuminoid ammonia, will average from 20% to 
26%. 

^' (6). That of the suspended organic matter, 
the amount removed will average a Httle under 50%, 
and that the amount of soluble organic matter re- 
moved will not average much more than 10% of 
the soluble organic matter in the sewage. 

* ' (6). That of the suspended matter taken out of 
the sewage in its passage through the tank, from 
60% to 70% will remain in the tank and have to be 
removed; only from 30% to 40% of the arrested 
suspended matter bemg changed by the action of 
the bacteria into soluble or gaseous substances. 

'' (7). That the amount of sludge that will have 
to be handled when it is necessary to dean out the 
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tank win not, howeyer, equal 60% to 70% of the 
weight of the sliidge that would be formed from 
the removal of the same amount of suspended mat- 
ter in a sedimentation tank, but will not be more 
than 50% of this amount, owing to the fact that the 
sludge in a septio tank contains less water than the 
sludge in a sedimentation tank. 

' * (8). That with an acid iron sewage containing 
street washings, the amount of mineral matter in. 
the sludge will be about 50% of the total solid mat- 
ter in the sludge, and of this mineral matter over 
one-third will be found to be iron sulphide. 

'^(9). That decomposition of the sludge, as 
shown by the evolution of gas, will take place in 
winter as well as in summer, if the temperature of 
the sewage in the tank does not fall below 45^ F., 
but the rate of decomposition will be much slower 
—one-half of what it is in summer. 

*'(10). That the amount of gas eyolyedfrom 
the septic tank with a sewage similar to Worcester 
sewage and having about the same range in tem- 
perature as Worcester sewage, will average a little 
over one-half a cubic foot for eveiy hundred gal- 
lons of sewage passed through the tank, the rate of 
flow of the sewage through the tank being eighteea 
hours. In the warmest months the amount eyoWed 
will, however, be about one cubic foot, in the cold* 
est months about one-fourth of a cubic foot. 

** (11). That the gas given off from a septio 
tank with acid iron sewage does not contain hydro* 
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gen or sulphide of hydiogen, but is a mixttire of 
maxBh gas, carbon dioxide and nitrogen in about 
the foUoiving proportions : Marsh gas, 76% ; car- 
bon dioxide, 6% ; and nitrogen, 19%.*** 

METHODS OP SEWAGE DISPOSAL. 

Where there are large bodies of water, 
either the sea, or inland lakes, or large 
rivers, disposal by dilution is a common 
method. Irrigation and intermittent filtra- 
tion through sand areas are also common 
methods. Chemical precipitation, which 
has been extensively employed in England, 
where there are two hundred to three 
hundred plants in operation, is not, at the 
present time, considered a very satisfac- 
tory method, although the size of the 
stream or body of water, and whether or 
not it is used as the source of a public 
water supply, may be properly taken into 
account. Not only in England, but in this 
country there are a considerable number 
of cities and towns which must secure a 
substantially complete removal of organic 

* A considerable portion of the preceding p«ge«iB taken 
from a didcasuion of Sewage DL^posal in Proo. of Am. Soc. 
C. B., forSept., 1903, Vol XXIX, No. 7, pp. 833-38. 
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matter before sewage is discharged into 
small streams. To remove the suspended 
matter and a portion of the organic matter 
from sewage and discharge the effluent 
into such, is no longer permissible— a 
higher degree of purification is required. 

Finally, in an enumeration of methods 
of sewage disposal, we come to the bio- 
logical methods— either the septic tank^ 
followed by filtration through bacteria 
beds, or treatment on bacteria beds, alone, 
preceded by a removal of the coarse 
material, detritus, etc. 

Sedimentation, mechanical separation, 
etc., may also be mentioned, although they 
can hardly be considered as systems of 
sewage disposal at the present time. 

TEMPERATURE OP SEWAGE. 

Experiments of the State Board of 
Health of Massachusetts, at their Lawrence 
Experiment Station, show that the tem- 
perature of sewage entering septic tank 
varies from about 39° Fahr. in January, 
to 74® in July. The winter temperature 
of the air at Lawrence is an average for 
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December, January and February, about 
27° to 28° P., although for the winter of 
1887-8, it was 22.4° F. The mean of 
January for this year was 15.5° F., which 
is stated to have been the coldest for 
twenty years. Table No. 70, on page 305 
of Sewage Disposal in the United States, 
gives full information as to temperature of 
sewage at Lawrence. This table is includ- 
ed in the chapter On the Temperature of 
the Air and Natural Soils in Relation to 
Sewage Purification, etc., to which the 
reader is referred for an extended dis- 
cussion. 

Many of the micro-organisms, although 
not all of them, flourish within a small 
thermometic range — from about 50° F. to 
100® F. The Massachusetts experiments 
showed that organic matter was stored in 
the filter during the winter and destroyed 
by nitrification as the temperature rose in 
the following spring. 

In the septic tank there is apparently a 
small evolution of heat. In the Leeds 
results, as given by Mr. Dibdin in his evi- 
dence before the Boyal Commission on 
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Sewage Disposal, it appears that in winter 
the temperature of the bacteria bed was 
10^ higher than that of the atmosphere. 
In one case, the temperature of the applied 
sewage was 58°, but on standing in the bed 
for an hour, it rose to 64°. 

In the testimony of H. M. Ward before 
the Royal Commission on Sewage Dis- 
posal, it is stated that there are bacteria 
which will grow in liquids with tempera- 
tures as high as 158° F. In decomposing 
heaps of manure, the temperature some- 
times goes higher than this— but there are 
certainly bacteria present even at some- 
what higher temperatures than 158°. 

The testimony of Dr. Rideal was to the 
efiEect that bacterial action was more rapid 
in summer than in winter. 

The testimony of Mr. Fowler was to the 
effect that in the case of the open Man- 
chester septic tanks, ice did not form on 
the top of the tanks, although snow 
gathered on the surface of the same. 

The following table shows the effect of 
frost upon bacteria beds, as determined at 
Leeds, England : 



? «i 



I 






Temperatore of Bed 
Betore Filling. 



'emparat:;r 

When £i 



I 



25 



THE DISTINCTION BETWEEN FRESH, STALE 
AND SEPTIC SEWAGE. 

Fresh sewage usually contains free oxy- 
gen and nitrogen in the form of nitrites, 
and nitrates, together with a relatively 
large proportion of organic matter in sus- 
pension. 

Stale sewage is sewage in that state 
when the carbon, through bacterial agency 
in the presence of free oxygen, is oxidized^ 
nitrogen and hydrogen unite to form am- 
monia, which uniting with the carbonic 
acid, forms ammonium carbonate. Under 
the influence of the mechanical, and bac- 
terial forces acting upon it, the dissolved 
organic matter is finally exhausted, but up 
to this point free ammonia increases, while 
crude organic matter decreases. We 
designate as stale, sewage from which the 
free oxygen has just become exhausted 
and free ammonia increased to the possi- 
ble maximum by the exhaustion of the 
oxygen. 

After the oxygen is exhausted, the bac- 
teria still continue active and chemical 
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changes go on, breaking up organic matter 
into simpler forms. While sewage con- 
taining free oxygen has not a particularly 
ofEensive odor, after the oxygen is exhaus- 
ted, sewage become very ill-smelling, 
because of the generation and escape of 
hydrogen compounds of carbon, sulphur 
and phosphorous. The result of these 
changes is to decrease the amount of car- 
bonaceous and nitrogenous matter in the 
sewage. Sewage in this state is known as 
6eptic sewage. 

In the 1895 report of the State Board of 
Health of Massachusetts, it was recognized 
that in stale sewage the organic matter is 
£nely divided, and hence a much larger 
percentage of it will enter the pores of a 
filtering material, and the filter surface 
will not become so quickly clogged as it 
will when fresh sewage is applied to a 
filter. 

THE TREATMENT OF SEPTIC SEWAGE. 

The treatment of septic sewage may for 
present purposes be taken to mean not 
only the treatment necessary to produce 
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septic sewage in the shortest possible 
time, but also such further treatment as 
may be necessary in order to purify the 
sewage, for it should be understood that 
septic sewage is only slightly purified, as 
may be sufficiently seen by considering the 
following tables. This treatment is also 
called the bacterial treatment or purifica- 
tion of ^sewage. 

Table No. 2, 

Average Analyses of Sewagre as It enters 
Septic Tank, at Lawrence Experiment Station. 
(Parts per 100,000). 



i 



1898 
1899 
1900 
1901 



o 

B 

H 



58 
55 
53 



Ammonia. 



4.44 
3.49 
4.99 
5.54 



Albuminoid. 



Total 



0.79 
0.89 
0.98 
0.88 



In Solution 



0.47 
0.26 
0.37 
0.44 







1,922,000 
2,993.400 
3,954,000 
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Table No. 3. 

Average Analysis of Efflnent of Septic Tank, 
at Lawrence Experiment Station. (Parts per 
lOO.OOO). 



1898 
1899 
1900 



1901 



o 

f 



57 
57 
56 



56 



Ammonia. 



o 



4.86 
4.03 
4.61 



4.90 



Albuminoid. 



Total In Solution 



0.41 
0.34 
0.39 
0.43 



0.32 
0.25 
0.25 
0.29 



I 



10.11 
7.00 
9^93 

10.40 



^6 



2.29 
2.52 
2.85 
3.12 



Hi 



324,500 
677,100 
1,209,500 
671,000 



Examining Tables Nos. 2 and 3, it is 
seen that for the year 1898, there was a 
sKght increase in the free ammonia, with 
slight decrease of the albuminoid ammo- 
nia. The bacteria for that year are not 
given in the sewage a<: it enters septic 
tank, but the effluent still contains about 
325,000 bacteria per cubic centimeter. In 
1899 there was a slight increase in the 
free ammonia and a material decrease in 
the albuminoid ammonia, so that the total 
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albuminoid ammonia impurity is not specie 
ally large. The bacteria in the sewage as 
it entered the septic tank amounted to 
1,922,000 per cubic centimeter, and in the 
effluent from the septic tank, to 577,100 
per cubic centimeter. In 1900 there was 
a slight decrease in the free ammonia as 
the sewage flowed from the septic tank, 
with a material decrease in the albumi- 
noid ammonia. Bacteria amounted to 
2,993,400 per cubic centimeter as the sew- 
age entered the tank, and to 1,209,500 per 
Cubic centimeter in the effluent from the 
septic tank. 

COMPOSITION OF SEWAGE IN THE UNITED 

STATES. 

According to the State Board of Health 
of Massachusetts, sewage may be denomi- 
nated either strong or weak, according to 
the aifiount of organic matter in a given 
volume of sewage. The following are the 
average yearly analyses of sewage experi- 
mented upon at Lawrence, Massachusetts, 
for the years 1898-1900, as taken from a 
street sewer in that city. 



t- 



yearly Avazaee of Aiulyaes of SawKffe from 
a Stnrat Sewar In Idtwrenoe, MawHtchiuetta. 
(PartB par 100.000.) 



COMPOSITION OP ENGLISH SEWAGE. 

The following table, as given by Mr. 
Fuller, shows the composition of tihe sew- 
age of a number of towns in England. 
The following are some of the main facts 
in regard to the sewerage of these towns : 

Euddersjield. — The average analysis of 
sewage in this manufacturing city with a 
population of 100,000, is based upon the 
mean result of hourly samples collected 
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for twenty-four consecutive hours on five 
different occasions, averaged with the 
mean analysis of the sewage from August, 
1898, to February, 1900. The sewers are 
on the combined plan, with 29^ of the dry 
weather flow made up of trade refuse. 

Leeds. — This analysis represents sewage 
from a manufacturing city with a popula- 
tion of 430,000, covering the period from 
November, 1898, to June, 1900. The sew-, 
ers are on the combined plan and contain 
much trade waste — especially iron liquor. 

Leicester, — The average analysis from 
this city of 220,000 population, represents 
the results from mixed half -hourly samples 
taken one day a week for a period of one 
year — from September, 1898, to Septem- 
ber, 1899. The sewers are on the com- 
bined plan, receiving waste from dye 
works and wool-scouring establishments. 

London Northern OutfaU, — This average 
analysis refers to a population of about 
3,250,000 and is estimated from records 
obtained at different periods during the 
past twenty years. Ground water and 
manufacturing waste do not seem to have 
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been a very important factor. The sew- 
ers are on the combined plan. 

London Southern OuffaU. — This ayerage 
result is based upon the data for the years 
1893-4. These analyses represent a some- 
what difEerent sewage than that of the 
Northern Outfall, due in part to manufac- 
turing refuse, but more particularly to 
ground water entering the sewer. The 
sewers are on the combined plan and re- 
ceive the sewage of 1,675,000 people. 

HIcmchester.'T-'ThQ average analysis of 
sewage from this manufacturing city with 
a population of 562,000, is based on hourly 
samples which were mixed in equal pro- 
portion from Monday noon until Friday 
noon, to give four representative daily 
samples per week. The data cover the 
period from May, 1900, to January, 1901. 
The sewers are on the combined plan, with 
much trade refuse. 
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QUANTITY OP SEWAGE TO BE 
PROVIDED FOR. 

It is quite common in the United States 
to provide for one -hundred gallons of sew- 
age per capita per day, although the size 
of the town may be properly taken into 
account. Broadly, the use of water is 
greater in large toUs than in small, and 
in some cases/ at any rate, seventy or 
eighty gallons per capita per day will be 
sufficient. The following three cases may 
be taken to show the probable quantity at 
typical public institutions. 

(1). At the State Insane Hospital, at 
Weston, West Virginia, as the result of 
several days gaging, made in January, 
1891, the mean total flow for twenty-four 
hours was found to be 101,047 gallons. 
The tributary population at the hospital, in- 
cluding officers, patients, attendants and 
nurses, was 1,000. In addition to sewage 
proper, the sewer received some roof 
water, but at the time of makine the irae- 

ingsther^wasneitherrainfaUnfrmeS 
snow to contribute from this source. The 
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sewer, however, received the water o£ 
condensation from the steam heating 
apparatus at the hospital, amounting, in 
the month of January, to about 10,000 
gallons per day. Aside from this addi- 
tion, the results may be taken as repre- 
senting the normal sewage at the institu- 
tion. There was little or no leakage from 
water fixtures. The maximum, amount- ' 
ing to 6,696 gallons per hour, occurred 
between 9 and 10 A. M., while the mini- 
mum of 2,079 gallons per hour occurred 
between 1 and 2 A. M. Deducting the 
estimated water of condensation at 10,000 
gallons per day, there remains about 91,- 
000 gallons per day of sewage, proper, 
which for a tributary population of 1,000 
amounts to 91 gallons per capita per day. 
(2). The main sewer at Long Island 
State Hospital, at Kings Park, N. Y., was 
gaged December 10-14 inclusive, 1900, 
with the result of showing an average flow 
for twenty-four hours of 338,779 gallons. 
The total poptdation of the hospital was 
3,250, giving an average of 104 gallons per 
capita per day. This, however, did not in 
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elude the laundry sewer, which was gaged 
separately, and which gave an average of 
92,143 gallons per day, or 28 gallons per 
capita per day. 

(3). The sewers of old colony, Manhat- 
tan State Hospital, at Central Islip, N. Y., 
were gaged December 21-25, inclusive, 
1900. The gagings gave a mean flow of 
88,193 gallons in twenty-four hours. The 
tributary population was 1,400, equivalent 
to 63 gallons per capita per day. The 
gagings here included flow of laundry 
sewer, and, therefore, represent the total 
flow from the hospital. 

Taking an average of the mean flows at 
these three hospitals, it is found to be 95 
gallons per capita per day. At Kings 
Park, however, the use of the water was 
very lavish, as was it also at the West 
Virginia Hospital, and indeed, in insane 
hospitals generally, the sewage flow may 
be expected to be larger than in other 
hospitals, insane patients taking every 
opportunity to allow water to run, by 
blocking open water closets, fixtures, etc. 
It is not doubted, therefore, that at Kings 
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Park, by systematic attention, the use 
of water could be easily reduced to 80 gal- 
lons per capita per day, -and the same is 
also true of the West Virginia Hospital. 
At Manhattan State Hospital it is already 
as low as can reasonably be expected. 
It may be again pointed out that at Bangs 
Park the laundry sewage amounted to 28 
gallons per capita per day. 

In the case of all these gagings perfectly 
tight sharp-crested weirs were used, and 
there is no reason for supposing that the 
results are not accurate. In every ca^e 
the sewage was found to fluctuate between 
a maximum and minimum quite similar to 
that given in detail for the West Virginia 
Hospital. 

As regards towns, probably for those 
of only a few thousand inhabitants, 70 to 
80 gallons per capita per day is sufficient^ 
while for larger towns, the use of water is 
somewhat more lavish. In any case, there 
is no doubt but that it is much greater 
than necessary. 
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CHARACTEEISTICS OP SEPTIC SEWAGE. 

When sewage is drawn from a septic 
tank it is generally of an exceedingly 
oflBensive odor, darker colored than when 
entering, though usually clearer than sew- 
age before treatment. It contains a 
smaller amount of nitrogenous organic 
matter in solution. When sewage enters 
a septic tank we may consider 40^ of the 
total nitrogenous matter as in suspension, 
while in the effluent from such a tank 
there is not much more than 20%. Another 
advantage is that the suspended matter in 
the effluent from such a tank is much more 
finely divided than in fresh sewage. 
Usually, free ammonia is increased some- 
what^ while the albuminoid ammonia is 
decreased, as has already been pointed out 
in discussing Tables Nos. 2 and 3. Nitrifi- 
cation does not take place in the septic 
tank, because its' activity depends upon 
another class of bacteria. 

The action of the septic tank is to break 
up complex organic compounds into sim- 
pler substances, preparing the sewage for 
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more easy purification by some form of 
filtration. It is, in effect, a way of aiding 
the bacteria in either intermittent filtra- 
tion, double contact beds, or by filtration 
through percolating filters. 

The following, from Kinnicutt and Ed- 
dy's Worcester report, gives the more 
essential points of septic action : 

'^The breaking down of the complex oxganio 
gabstanoes is due, directly or indirectly, to the 
action of anssrobic bacteria, and as the result of 
this action a certain amount of the suspended 
matter in the sewage is brought into solution and 
apart of the organic matter changed into water, 
ammonia, carbon dioxide, nitrogen, marsh gas and 
hydrogen. 

<* In the passage of the sewage through a septic 
tank a large amount of suspended matter settlfls 
down to the bottom of the tank and is there acted 
upon by bacteria and so changed that a part of it 
is rendered soluble and is carried off in the effluent, 
while a ^rtion is broken up into gases which 
escape from the tank. 

** The action of the septic tank is therefore two- 
fold, preparing the sewage so that it is more easily 
acted npon by the serobic or nitrifying bacteria, 
and removing, in the form of gas, a certain amount 
of the organic matter that the crude sewage con- 
tains. The changes that take place in the septic 
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tank and the amomit of organic matter that has 
been removed from the sewage, have usually been 
determined by examination of the crude sewage 
and effluent; and comparatiyely little attention has 
been given to the study of the deposit formed in 
the tank or to the gases given oS by the decompo- 
sition of the organic matter. 

** The study of the gas evolved and of the deposit 
formed are, however, of very decided importance, 
for the only way organic matter, can be removed 
from the sewage is by precipitation or by being 
changed into gas; and the determination of the 
amount and of the composition of the gas formed, 
give a much better idea of the energy of the bacterial 
action than can be obtained by the examination of 
the sewage and the effluent. The effluent from a 
septic tank is usually considered as the sewage from 
which a certain amount of organic matter has been 
removed, while, in fact it is the sewage minus this 
quantity, but with the addition of liquid com- 
pounds derived from the decomposition of the 
sludge at the bottom of the tank, and of suspended 
matter thrown up to the surface of the liquid by 
violent evolutions of gas. It is on this account that 
the examination of the sewage and effluent do not 
give the amount of bacterial action that is taking 
place at any time given within the tank, or the true 
amonnt of purification of the sewage that is enter- 
ing the tank during that period." 
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^BOBIC, ANJ5B0BIG AND FACULTATIVE 

BACTERIA. 

Two general classes of bacteria are 
recognized — ^the ansBrobic, or those acting 
without the presence of oxygen, and the 
SBrobic, or those reqiiiring oxygen for effi- 
cient action. The facultative bacteria are 
those which may exist either with or with- 
out the presence of air. In the septic 
tank the work is performed by ansBrobic 
bacteria, and at the conclusion of septic 
action the surviving bacteria are largely 
facultative. A considerable proportion of 
the bacteria in the effluent are liquefying 
bacteria. 

Experiment shows that serobic bacteria 
flourish in the presence of manganese and 
soda compounds, especially the mangan- 
ate and nitrate of soda, but anaerobic fer- 
mentation is prevented when these com- 
pounds are present. Aerobic fermenta- 
tion will not take place in a strong acid 
sewage. Lime and soap are also detri- 
mental when present in sewage in con- 
siderable quantities. In his testimony 
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before the Royal Commission on Sewage 
Disposal, Mr. Dibdin expressed the opin- 
ion that the anasrobic bacteria are mis- 
chievous — that better results will be ob- 
tained by confining sewage purification to 
the aerobic forms. 

BOTH -EROBIC AND AN^ROBIC BACTERIA 
EFFICIENT IN THE PURIFICATION OF 

SEWAGE. 

As stated in the foregoing, either 8Bro- 
bic or anaerobic bacteria may be utiUzod 
for sewage purification, although the 
method is very different. In order to 
utiUze anaerobic bacteria, sewage is con- 
fined in a closed tank, while in the utiliza- 
tion of aerobic bacteria, the opposite takes 
place — that is, sewage is spread over 
coarse filters of clinker or broken stone, 
coarse enough to bring every portion of it 
in contact with the air. 

In English works on sewage purification, 
treatment by anaerobic bacteria is called the 
septic tank system, while a general name 
for treatment by aerobic bacteria without 
the use of a septic tank is sometimes de- 
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nominated the Sutton system or process, 
due to the fact that works utilizing this 
method were first constructed at Sutton^ 
England. Moreover, the two processes 
are usually combined, the liquefaction of 
the sludge taking place in a septic tank,, 
followed by further treatment through bac- 
teria beds. 

LOCATION OF BACTERIA IN THE SEPTIC 

TANK. 

As just seen, according to the theory of 
the septic tank, the bacteria Uving in it are 
those which thrive without the presence of 
air, or anaerobic, and hence cause putrefac- 
tion instead of nitrification. Experiments^ 
have been made showing that the bacteria 
in the tank live on the sides, bottom and 
top of the tank, where organic matter accu- 
mulates and where they are found in enor- 
mous numbers compared with the num- 
bers found in the liquid passing through tho 
tank. In Scott-MoncriefiPs tank, sewage 
is passed upward through a tank filled with 
broken stone, the supposition being that 
this broken stone will afiEord an exten- 
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siye foothold and breeding place for the 
necessary bacteria. The sewage enters at 
the bottom of the tank, where the sludge 
accumulates, if it accnmulates at alL In 
such a tank an upward filtration is carried 
on ; the sewage passing upward meets and 
is acted upon by the bacteria HTing upon 
the surfaces of the broken stone. 

A3 TO THE DBTEKSIOKS OF A SEPTIC TAKK. 

^ So far a« there is any definite experience 
in the matter, a septic tank should have 
about the following dimensions : Fron;^ 6 
to 10 feet in depth — ^it ought not to be less 
than about 5 feet and probably not to ex- 
ceed 10 f eet^ although on this latter point 
the writer does not know of any satisfac- 
tory experiments. The width may be two 
to five times the depth, and the length such 
that the required quantity will just pass 
through in a predetermined time. For in- 
stance, with 100,000 gallons of sewage per 
day the tank may be 10 feet deep by 30 to 
50 feet wide, two changes per day being 
assumed. For one change per day the 
tank should be of double tiie preceding 
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size. The proper test of dimensions of a 
septic tank is, however, the relation of 
velocity of flow through the tank, as dis- 
cussed in the chapter on Velocity of Flow, 
etc. ' 

PREPARATION FOR VARIATION IN THE 
QUANTITY OF SEWAGE. 

It win be evident without special discus- 
sion, that the flow of sewage through such a 
tank should be tolerably uniform, varying 
not very greatly from day to day. Where 
there are large variations a special 
arrangement of the tank should be made 
to take care of such. These arrangements 
may include (1), either automatic gates 
which may be lowered, thus reducing the 
depth and cubic content of the tank ; or (2), 
arrangements by which only part of the 
tank is used ; or both. Where there are 
great variations the tank may be made in 
two parts, so arranged that one part may 
be thrown out of service when the flow is 
greatly reduced. 
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LENGTH OF TIME REQUIRED FOR EFFICIENT 

SEPTIC ACTION. 

The experiments of the State Board of 
Health of Massachusetts indicate that a 
septic tank should not be filled more than 
once in twenty-four hours, although some 
of the experiments made by this Board in- 
dicate that for a maximum flow of gas^ at 
least thirty-six hours would be required. 
Unfortunately, with long flows, the tank 
capacity becomes so large as to make the 
septic system an exceedingly expensive 
method of purification, and accordingly 
the tendency has been to cut down the 
tank until a number of tanks have been 
installed of so small a size in relation to the 
total quantity of sewage to be passed per 
day that the sewage is not retained there- 
in more than five or six hours. It is 
doubtful if under these circumstances the 
purification attained is very valuable, as 
the bacteria require some time in which 
to perform their work. For the present, 
the writer is disposed to say that the 
capacity of the tank should be such as to 
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permit of not more than one change in 
twenty-four hours — that is to say, if the 
daily sewage flow of a town is 300,000 
gallons, then the septic tank must have a 
capacity of 300,000 gallons. 

Many of the experiments made in Eng- 
land indicate from eighteen to twenty-four 
hours as the proper time for an efficient 
septic action. 

Aseptic tank also requires from two to 
four montiis time before it is in proper 
action. Hence, sludge should be removed 
without materially interfering with the 
liquid portion. The inoculation of a new 
tank with crust from a mature one will 
materially assist the second tank to effi- 
cient action. 

SEPTXO TAKE AT EXETER, ENGLAND* 

In 1895, Donald Cameron, City Surveyor 
of Exeter, constructed a sewage purifi- 
cation plant, in which the solid matters of 
the sewage were destroyed by the action 
of ansorobio bacteria, followed by final 
purification through the action of »robio 
bacteria in clinker filters. 
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The installation at Exeter consists of a 
grit chamber, a septic tank and five filter 
beds, four of which are working constantly, 
with one held in reserve. The septic tank 
has a capacity of about 54,000 Imperial 
gallons, which represents from eighteen to 
twenty hours flow of the sewage. The 
grit chamber is formed by building a wall 
across the tank and is divided into two 
portions by a wall along the middle line. 
In these chambers, the grit and road detri- 
tus are deposited, the sewage passing into 
the tank proper containing only traces of 
suspended mineral matter. The tank 
proper has a total length of about 58 feet, 
in which the sewage remains from eight- 
een to twenty-four hours, according to the 
volume supplied by the sewer. The tank 
is constructed of bricks laid in cement and 
covered with an arch of similar material. 

The effluent flows from the tank by 
means of a pipe, the inlet of which is below 
the water level in the tank. It then 
enters a horizontal trough, closed at both 
ends, so that the water escapes over the 
sides in a very thin layer, upon the SBrobio 
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beds. Pour of these beds are filled with 
furnace clinker and one with coke breeze. 
They each have an area of 80 square yards 
and are 5 feet deep. By means of an auto- 
matic apparatus the filling, standing full, 
emptying, and resting empty for aeration 
are regulated. One filter is filled at a 
time. It stands full while the next is fill- 
ing, after which it is discharged and re- 
mains empty while the third and fourth 
are filling. 

CHARARCTER OF THE EFFLUENT FROM 
SEPTIC TANK AND BACTERIA BEDS. 

The effluent produced by the septic tank 
followed by filtration through double con- 
tact beds, is comparatively clear and color- 
less andf airly inodorous, provided the septic 
tank and beds are properly constructed. It 
does not putrefy on standing and contains 
appreciable quantities of nitrates. It can 
be discharged into a stream, containing 
nothing injurious to fish life. Neverthe- 
less, it is not fit for drinking water, but 
should it be necessary to discharge it into 
a. stream which is the source of a water 
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supply for a municipaUty , it may be further 
p^edby passing through adLonalbac- 
taria beds, in wHch way it is possible to 
absolutely purify the water, although it 
can not be concealed that the double, or in 
some cases triple filtration necessary to 
produce this result will be very expensive, 

THE NATXJBE OF THE PROCESS IN THE 
SEPTIO TANK. 

The process taking place in a septic 
tank is both mechanical and biological. 
Experiment shows that sedimentation is 
eflEected, provided the rate of flow of sew- 
age does noi exceed 3 feet per minute. 
The flow in a septic tank is very much less 
than this — ^usually not more than a few 
feet per hour. Hence, it follows that the 
suspended solids will be mostly precipita- 
ted before traveling very far from the inlet 
end of the tank. As these solids fall to 
the floor of the tank they become subject 
to the action of bacteria, which in time 
render them soluble. As bacterial action 
proceeds the settled particles become 
buoyant, owing to the entangling of gases 
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generated during the process, and rising 
to the top of the tank, form a thick leath- 
ery scum. This scum is in a high state of 
bacterial activity — ^liquefaction progressing 
freely. The matter which finally falls 
back to the bottom is a black, inoffensive 
mass of small bulk as compared with the 
original suspended soUds from which it 
was derived. 

This leathery scum forms easily and 
makes an almost impermeable covering, 
beneath and on the imder side of which, 
the micro-organisms thrive under anssro- 
bic conditions even when the tank is not 
roofed. 

PERMANENCY OF BACTERIAL OR CONTACT 

FILTERS. 

Bacterial or contact filters are construct- 
ed of coarse material and the entire depth 
is brought into contact with the sewage 
applied each day. The name, bacterial fil- 
ter, is misleading as an intermittent sand 
filter is as truly a bacterial filter as filters 
of coarse material — ^the only difference 
is that material is fine in one case and 
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coarse in the other. Contact filter is con- 
sidered a more suitable term. The ma- 
terial of these filters may be either coal, 
coke, broken stone or cinders — although 
broken stone and coke are considered to 
be the best. 

The question of the permanency of these 
filters is one of importance from whatever 
point of view it may be looked at. As to 
whether the open spaces — the interstices — 
will become filled with mineral and 
organic matter so that the filtering ma- 
terial will require removal and washing, if 
the filter is to be continued in operation, 
is a question of practical moment. The 
following examples from the Report of the 
State Board of Health of Massachusetts, at 
their Lawrance Experiment Station, are 
pertinent. 

The contact filter, containing 4^ feet in 
depth of ashes and cinder, first in use in 
November, 1896, had become so badly 
clogged by December, 1898, that it was 
thrown out of service. 

Another contact filter was placed in oper- 
ation in September, 1897, and contained 
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five feet in depth of cinder freed from fine 
material. This filter was in good working 
condition in January, 1900, operating at 
the rate of approximately 560,000 gallons 
per acre per day, and producing as satis- 
factory an effluent as can be expected from 
a contact filter. At the end of two years 
the interstices of this filter had decreased 
12^, or from 55^ to 43^, but since that time 
there has been little or no decrease. 

Another contact filter has been in opera- 
tion for oyer two years at the average rate 
of 666,000 gallons per acre per day. This 
filter has operated quite similarly to that 
previously described. It is filled with 
coke, but there is no tendency to disinte- 
gration observable in the coke in this fil- 
ter. Quite similar results have been 
obtained with two other filters. 

In the 1901 Report, it is stated that one 
of the foregoing filters at the end of four 
years has lost Z5% of its open spaces, on 
which account the rate was reduced to 
520,000 gallons per day. Up to October, 
1901, this filter had been filled but once 
daily, but upon November 15, the filter was 
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filled in tliree applications, allowed to stand 
full one hour and then drained, five hours 
being allowed for draining, k£ter which it 
was filled and drained again, thus increas- 
ing the rate to 1,000,000 gallons per acre 
per day. The average rate of filtration 
of this filter for the year 1901 was 577,900 
gallons per acre per day, but in the month 
of April of that year, the rate was only 
290,000 gallons per acre per day. 

Judging from the operation of the fore- 
going contact filters, so far as one can 
learn from the time they have been in 
operation, there first takes place a rapid de- 
crease of 12^ to 15^, which is due to the 
settling and breaking down of the material 
of the beds, after which the decrease is 
slower, but so far as can be seen, after five 
or six years, these filters will require the 
removal of the filtering material and re- 
washing. When they are again put in 
operation there will be required a Uttle 
time to bring them into proper bacterial 
condition. But if such filters are rested 
for suj£oient periods and efficient means 
for removing the mineral matter taken. 
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they may be continued in service for eight 
or ten years. 

Probably, the chief question is as to the 
loss of capacity of a contact bed through 
the growth of organisms and the deposit 
of the ashes of organic substances. It has 
been shown that if material of a contact 
bed be examined when in active condition, 
every piece is found covered with a slimy 
growth. Under the microscope, this slime 
is found to be composed of bacteria and 
zooglea. The action of the bed depends 
upon the quaUty and amount of this 
material — the greater the amount, the 
greater the efficiency — but if the limit is 
passed, the liquid capacity is diminished 
and the water will not drain away. As to 
whether the growth of organisms can be 
so regulated that the bed can do its proper 
work, and at the same time not lose its 
capacity for liquid, is not yet settled. 

QUANTITT OF SEWAGE WHICH CAN BB 
TREATED BY BACTERIA BEDS. 

No universal rule can be laid down as 
to the quantity of sewage which can bo 
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treated in bacteria beds. The English 
Local Government Board insist that a bed 
should be used but once daily, and fixes 
the water capacity at one-quarter of the 
gross content. Probably, the object in de- 
manding this capacity is to enable a por- 
tion of the storm water to be dealt with 
the same as ordinary sewage. It is claimed 
that bacteria beds may be filled twice daily 
and that in some cases, at any rate, they 
work better than if filled but once. There 
is, however, a disadvantage in too frequent 
working, because the water capacity be- 
comes diminished, with the result that 
less and less sewage can be treated each 
time. 

Taking 25^ water capacity and depth of 
bedof 4 feet, and emptying twice a day. 
800,000 U. S. gallons of sewage per acre can 
be treated per day- Or, with one filling, 
one-half this quantity can be treated. 
With greater depth an additional quantity 
can be treated, but there is a Umit to the 
depth of the bed — probably, it ought not to 
exceed 7 to 8 feet. With percolating filters, 
quantities as high as 2,000,000 gallons per 
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acre per day are claimed, and in some 
cases, experiments in England indicate as 
high a rate as 4,000,000 to 5,000,000 Im- 
perial gallons per day, but whether this 
rate can be maintained for any length of 
time, is not yet setlted. For present pur- 
poses we may say that 300,000 to 500,- 
'000 gallons per acre per day may be 
treated on primary beds, 4 feet deep, and 
from 800,000 to 1,000,000 gallons per acre 
per day on secondary beds, 3 feet deep, 
and 2,000,000 gallons on percolating filters. 
These figures are, however, very general, 
and for a broader view the reader is re- 
ferred to various extensive publications 
treating this division of the subject. 

THE NUMBER OP BACTERIA IN CRUDE 

SEWAGE. 

Crude sewage contains at least one mil- 
lion bacteria per cubic centimeter, and fre- 
quently more than ten million. A very- 
large proportion are capable of growing at 
blood heat. The following are some of 
the common forms : 

BaciUus coli communis. — This form is apt 
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to be present to tlie extent of at least 
100,000 per cubic centimeter. It is an in- 
testinal bacterium, which may possibly be 
pathogenic. Its presence must be regard- 
ed as of importance, because (1), it serves 
as an index of the possible presence of 
other and more objectionable forms ; (2), 
certain strains are distinctly pathogenic in 
the case of the lower animals ^ and (3), 
there is ground for believing that BaciUus 
coli may play a role in the causation of 
human disease. 

BaciUus enteritidis sparogenes. — ^The num- 
ber of spores of this form in crude sewage 
may amount to 100 per cubic centimeter. 
This bacterium is extremely virulent to 
guinea pigs, and there is evidence that it 
has been related to epidemics of acute 
diarrhoea in the human subject. 

Streptococci. — The number of Str^iococci 
in crude sewage maybe taken at 1,000 per 
cubic centimeter. These are delicate 
micro-organisms, readily losing their 
vitality and dying. They are present in the 
intestinal discharge of animals, but are 
seemingly absent from large amounts of 
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pure water and from virgin soils, but can 
be readily demonstrated in soils and 
waters recently polluted with ezcremental 
matters. 

There are numerous other forms pres- 
ent in sewage, but the preceding are for 
present purposes the more important 

The inoculation of animals with even as 
small a quantity as 1/1000 of a cubic cen* 
timeter of crude sewage frequently results 
in death. 

THE NUMBER OF BAGTEBIA IN SEWAGE 

EFFLUENTS. 

The effluents from septic tanks, contact 
beds, percolating filters, etc., contain an 
enormous number of bacteria. From 200,- 
000 to 400,000 per cubic centimeter is not 
uncommon. Frequently, the bacteria are 
practically as numerous as in the raw 
sewage. 

The different kinds of bacteria and their 
relative abundance, appear to be very much 
the same in effluents as in crude sewage. 
As regards undesirable bacteria, the efflu- 
ents frequently contain nearly as many 
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BadUus cdiy BaciUtcs enteritidis sporogenes 
and Streptococci as crude sewage. No defi- 
nite proof has been furnished that the 
effluents from bacteria beds are more safe 
in their possible relation to disease than is 
crude sewage. Indeed, the available evi- 
dence tends to show that they must be re- 
garded as nearly, if not quite, as danger- 
ous to health as raw sewage. Moreover, 
Hhe inoculation of animals with effluents 
from bacteria beds goes to show that they 
are nearly as pathogenic as crude sewage. 

It is possible, when the land is of the 
proper quaUty, with land treatment, to 
secure remarkably good bacteriological 
results. In intermittent filtration through 
coarse sand it is not specially difficult to 
secure a reduction of the original bacteria 
in the crude sewage of over 99^. Broadly, 
the treatment of sewage on land must be 
considered more satisfactory, from a bac- 
teriological point of view, than its treat- 
ment by the septic tank, followed by fil- 
tration through bacterial or contact beds. 

The effluents from chemical processes 
are not sufficiently purified to permit of 
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their discharge into a water supply with 
out further treatment. 

AS TO THE PURIFICATION OF CONCENTRA- 
TED SEWAGE. 

The state Board of Health of Massa- 
chusetts placed in operation in September, 
1899, a septic tank to receive the sludge 
from settled sewage, the idea being that in 
places where the volume of sewage was 
large and the expense of septic tanks for 
treatment of the entire volume prohibitive, 
the sludge collected at the bottom of ordi- 
nary settling tanks could be flushed into 
a small septic tank and there partially de- 
stroyed by anaerobic bacteria. During the 
winter of 1899-00, there was a constant 
accumulation of sediment in the tank, 
until in the middle of May, 1900, over 
60^ of the tank was filled with a dense 
sludge. Sewage of the character of 
that in Table No. 6 was continued to be 
applied, but the accumulated organic mat- 
ter decreased, until on January 1, 1901, 
the sediment occupied only 8^ of the 
tank capacity. We may assume that the 



right conditionB for the desired bacterial 
action did not occur until the summer of 
1900, as there was no farther accumula- 
tion during the winter of 1901. The fol- 
lowing tables show the average yearly 
composition of this concentrated sewage 
as it enters the septic tank and of the 
effluent from such tank : 
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This brings us to the consideration of 
what seems to be an important point in 
lie septic tank — that the more oonoen- 
trated the sewage is, the more satisf aotoiy 
will be the resolution into simpler forms. 

TRANSFORMATION OP CELLULOSE, EXa 
One of the most useful functions of the 
septic tank is hydrolosis and the transform- 
ation into gases of the cellulose in sewage, 
soch as paper, rags and other refuse mat- 
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ter, vegetable matter, etc. On October 4^ 
1900, a considerable quantity of news- 
paper, cotton and woolen cloth was placed 
in the septic tank of the State Board of 
Health at Lawrence, Massachusetts. This 
material was contained in wire baskets. 
On December 31, the cloth and paper were 
still intact, but so rotton they fell to pieces 
when touched. The same substances, 
upon the surface of a filter would have re- 
mained, without much change, for a longer 
period. It is stated that the action of the 
tank is such as to destroy, in a few months, 
either rubber or leather boots, but so far 
as can be learned, there are no adequate 
experiments verifying this statement. 

COMPOSITION OP SEPTIC TANK SLUDGE. 

The composition of sludge will depend 
upon the composition of the sewage, as to 
whether storm water enters the sewers and 
how thoroughly the sewage is screened 
before entering tank, etc. The following 
analyses of the sludge from the septic 
tank at Worcester give an idea of its com- 
position: 
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Oompoaitlon of the Sluclffe at WoroMtor. 
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Bather singularly, chemical analyses of 
the sludge forming in septic tanks, etc., do 
not seem to have been made by the Eng* 
Hsh investigators. 

COMPOSITION OP SEPTIC TANK CEUST. 

The following tabulation is an analysis 
of a sample of the crust, taken from the 
closed septic tank at Worcester, inFebru* 
ary, 1901 

PerCeat. 

Silica, SiO, 12.62 

Iron sulphide, FeS 8.93 

Iron, Fe (not united to sulphur) 1.61 

Sulphur, S, not as sulphide.... 0.00 
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Per Cent. 

Aliimina, A1,0, 12.62 

Lime, CaO 4.23 

Carbon, C 41.83 

Hydrogen, H 6.51 

Nitrogen, N.... 5.20 

Formerly, it was believed that the crust 
was a necessary part of septic action, but 
this view has been recently modified. In 
many cases no permanent crust is formed, 
but only a light scum over parts of the tank, 
from whence it is inferred that a crust is 
not a necessity, but merely an incident in 
the liquefaction of the solids taking place 
in the tank. The open septic tank at 
Worcester is at times completely covered 
with a crust, while at other times only a 
small proportion is covered. The forma- 
tion, non-formation and disappearance 
of the crust are phenomena for which 
there is as yet no adequate explanation. 

ACTION OF THE SEPTIC TANK ON ACID IRON 

SEWERAGE. 

The foregoing results at Worcester, 
Massachusetts, Have been obtained by ex- 
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perimenting on tne ordinary acid iron sew- 
erage of that city, as it reaches the sewage 
purification works. These experiments 
were begun in the autumn of 1900, and 
have since continued. The septic tank used 
was a discarded iron pressure tank, 14 feet 
long and 5 feet in diameter. The inlet 
tube was 2i inches in diameter and bent 
at a right-angle after it entered the tank 
and extended down about one foot below 
the level of the sewage. The outlet tube 
of the same diameter, at the opposite end 
of the tank, also extended one foot below 
the level of the sewage. The sewage was 
four feet deep in the tank, there being an 
air space at the top of one foot. These 
experiments show, as has already been 
pointed out in an earher chapter, that the 
purification effected by a septic tank in the 
case of an acid iron sewage is not very 
great. 

PURIFICATION EFFECTED BY SEPTIC ACTION^ 

In order to show the purification which, 
may be effected by a septic tank under 
varying circumstances, the following talK 
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ulation is given, showing the results 
obtained at Worcester, Massachusefcts, 
compared with those obtained at Exeter, 
Manchester and Leeds, England. 

PEE CENT. REMOVED. 

Total. Soluble. Suspended. 

Worcester 22.25 20.67 25.67 

Exeter 23.81 —2.576 56.01 

Manchester .... 27.22 15.45 57.06 

Leeds 34.61 12.05 70.37 



The following table shows the average 
results at Worcester, Massachusetts, from 
October, 1900, to December, 1901, inclu- 
sive : 

Table No. 9. 

Average Pnrifioation at Worcester. 
(Parts per 100,000) 
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THE AMOUNT OP SLUDGE COKVERTED INTO 
SOLUBLE OR GASEOUS SUBSTANCES. 

The amount of sludge converted into 
soluble or gaseoils substances, varies 
greatly at diflEerent places. Thus, at 
Exeter and at Leeds, as given by Dibdin 
and Harrison, about 70^ was converted, 
while at Manchester, Fowler reports 40 ^ • 
At Pawtucket, R. I., 47^ was converted, 
but at "Worcester, Massachusetts, accord- 
ing to Messrs. Kinnicutt and Eddy, only 
2S% was converted. 

At the Manhattan State Hospital, at 
Central Islip, N. Y., there is a septic tank 
receiving the entire day's flow of sewage 
which has been in use fourteen years. 
Sludge is removed twice a year. During 
a visit to the hospital in July, 1901, the 
writer saw the sludge removed from this 
tank, which receives on an average over 
88,000 U, S. gallons of sewage per day. 
This is equal to the sewage of 1400 popu- 
lation at 63 gallons per capita per day. 
There was a scum eight to ten inches 
thick on top and the total sludge amounted 
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to about two cubic yards, or to four cubic 
yards per year. The sewage of the hos- 
pital is purely domestic. 

At Manchester, England, from one-half 
to two-thirds of the sludge is removed by 
the action of the septic tank. Even at 
this reduction, there still remains 60,000 
to 80,000 tons of sludge to be cared for 
per year. 

Hence, from the foregoing, it seems clear 
that with an acid iron sewage like that at 
Worcester, Massachusetts, a more frequent 
clearing out of the sludge from a septic 
tank will be required than with ordinary 
domestic sewage. 

VARIATION OP RATE OP PLOW IN COMPARI- 

SON WITH THE VARIATION IN AMOUNT 

OP THE DIFFERENT CONSTITUENTS. 

In his paper, the Composition of Sew- 
age in Relation to Problems of Disposal, 
Mr. Puller calls attention to the wide varia- 
tion, both in the quality and in quantity 
at different hours of the day. In order to 
fully illustrate its significance, the follow- 
ing table is given, as taken from Mr. 
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Fuller's paper. This table shows the per- 
centages which the volume of flow and 
the amount of the principal constituents 
of sewage at different hours of the day 
are of the average quantities. 



Table No. 10. 

Comparison of the Peroentaffos which the Flow 
of Sewage and the Amount of its Different Con- 
stituents at Different Hours are of the Averages 
for the day. 





1 

(2) 
124 


Besidue on 
Evaporation 


Nitrogen 
as 


1 

6 

158 


• 


Hour. 


1 

(3) 
143 


1 

ft 

(4) 
126 


1 
1 

QQ 

180 


< 

(6) 
150 


O -a 

1 

(7) 
180 


W 


(1) 


(9) 


9-10 A. M. 


99 


11-12 ** 


116 


160 


159 


162 


157 


155 


167 


114 


1-2 P. M. 


123 


129 


131 


125 


107 


107 


110 


127 


3-4 " 


116 


142 


114 


204 


113 


141 


141 


120 


5-6 ** 


107 


123 


137 


93 


116 


99 


92 


217 


7-8 " 


103 


97 


105 79 


141 


117 


110 


116 


9-10 ♦* 


92 


67 


76 49 


84 


66 


85 


75 


11-12 " 


85 


84 


76 101 


98 


87 


99 


77 


1-2 A.M. 


74 


35 


43 


16 


35 


31 


22 


53 


8-4 ** 


70 


28 


39 


6 


8 


15 


16 


38 


6-6 " 


77 


32 


44 


8 


16 


14 


19 


38 


7-8 ** 


114 


69 


74 


59 


101 


87 


82 


61 



72 



73 



ACCUMULATION OF SLUDGE IN A SEPTIC 

TANK. 

The septic tank at present in use at the 
Lawrence Experiment Station of the State 
Board of Board of Health of Massachu- 
setts consists of an air tight wooden box 
divided by two partitions into three equal 
compartments. Floating partitions pre- 
vent passage from one compartment to 
another of the scum on the surface of the 
sewage. The following table shows the 
percentage of the total capacity of this 
tank, filled with sediment, at different 

dates: 

Table No. 11. 

Peroentaffe of Capacity of Septio Tank Fillad 
with Sediment. 
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From January 1 to April 12, the sew- 
age averaged seventeen hours in passing 
through this tank. From April 16 to 
April 30, it was twenty-one hours. From 
May 1 to December 31, it was sixteen 
hours. At the end o£ the year there was 
one-half inch of floating matter on the top 
of the sewage in the inlet compartment 
but not enough to be measured in the 
other compartments of the tank. 

The following data from Worcester, 
Massachusetts, show the accumulation 
of sludge in the tank from July 9, 1900, 
the time it was first placed in operation, to 
October 16, 1902. 

On October 29, 1901, the depth was 
16j inches, equalling 16.14 cubic feet. 
The density was 1.043 and the amoimt of 
water it contained equalled 90.03^. 

On October 16, 1902, the depth of 
sludge was 23 inches, equalHng 96.99 cubic 
feet. The density was 1.047 and the 
amount of water it contained equalled 
88.57}^. 
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UNIFORM FLOW IN SEPTIC TANK. 

The arrangements of a septic tank 
should be such as to insure uniformity of 
flow throughout its whole extent. If the 
arrangements are not properly made, sew- 
age is likely to flow through the tank in a 
comparatively narrow stream and with 
greater velocity than if the flow were uni- 
form throughout the cross-section. 

In order to insure uniformity of flow, the 
pipes leading into the tank may be made 
to dip below the surface and metalHc dis- 
tributers placed across the tank every ten 
or fifteen feet. The first scum board 
should project a few inches above the high- 
est Hne of flow, but with a space of at least 
two and one-half feet between its lower 
edge and the bottom of the tank, while the 
second scum board should be set with its 
upper edge a foot and a half below the 
surface and with its lower edge fifteen or 
eighteen inches above the bottom of the 
tank. At the far end of the tank, sewage 
should flow out in a shallow stream over 
some kind of a weir. 
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GAS EVOLVED FROM A SEPTIC TANK. 

During the year 1900, the quantity of 
gas passing away from the septic tank at 
Lawrence, Massachusetts, was measured, 
with the following results : 

Table No. 12. 

Ouaatity of GNui from a Septio Tank. 



1900 



10 measurements, between 
April 21 and May 1, inclusive 
14 measurements, between 
May 2 and May 22, inclusive 
22 measurements, between 
July 10 and July 20, inclusive 
Measurements During Month 
of October 



Tempera- 
ture op. 
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• 
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54 


51 


55 
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74 


65 
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4.6 
6.3 
8.4 
4.5 



The foregoing figures apply to the con- 
ditions at the Lawrence Experiment Sta- 
tion. Measurements made during the 
night, when the flow of sewage was less 
under control, and a smaller volume pass- 
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ing per holir than in the daytime, showed 
that a volume o£ gas equal to 13 gallons 
for each 100 gallons of sewage, was evol- 
ved. As an average for sewage of the 
composition of that at Lawrence, we may 
say that probably four to five gallons of 
gas per 100 gallons of sewage, may be ex- 
pected. This gas represents in eflBect the 
purification effected by a septic tank, 
although it is proper to point out that the 
action is quite pronounced in the direc- 
tion of causing the sewage to be more 
amenable to treatment by either inter- 
mittent filtration, bacterial filters, or on 
what are now called contact beds. It is 
also marked in the reduction of the sludge 
although the amount of reduction varies 
greatly with different sewages. In some 
cases, the sludge is entirely removed, as 
for instance at Lawrence, where for four 
years no sludge has been taken from the 
septic tank. On the other hand, with dif- 
ferent quaUties of sewage, large quantities 
are removed. As a general average, it 
may perhaps be safe to say that 50^ of the 
total sludge in the sewage will be taken 
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care of by a septic tank, thongk it should 
be understood that this figure is very gen- 
eral, the reduction varying from 90^ to 25 
to 30^. From 30^ to 40^ of the sludge 
flows away in the effluent to be cared for 
on the contact beds, or on whatever addi- 
tional purification is provided. 

Thus far, there does not seem to be any 
way to determine beforehand just what 
reduction in the quantity of sludge will 
take place in the tank — apparently, each 
case must be studied by itself, although 
for a purely domestic sewage, entirely free 
from manufacturing wastes, we may say 
that from 70^ to 90% of the sludge will dis- 
appear, and in a few cases, the sludge has 
entirely disappeared, but at least one-third 
flows away in the effluent. 

At Worcester Massachusetts, where a 
different quality of sewage has been ex- 
perimented upon, the following quantities 
of gas have been given off. The amount 
of sewage passing through the tank in 
this case was 2,350 gallons in twenty-four 
hours, while at Lawrence only 250 gallons 
per day passed. 
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Table No. 13. 

Yearly Average of Gkw Evolved at Worceeter^ 
Massachnsetts. 



Year. 

1901 
1902 



Mean Temperature. 


Cubic feet 

of gas per 

day. 


Sewage. 


Effluent. 


(2) 


(3) 


(4) 


58.08 
55.88 


57.78 
55.27 


7.37 
12.62 



Gas in gal- 

Ions per 100 

gallons of 

sewage. 

(5) 
2.408 
3.939 



In the year 1902, considerable more gas 
was evolved than in 1901, 3.939 gallons of 
gas per 100 gallons of sewage being given 
off. In commenting on this, Messrs. Kin- 
nicntt and Eddy say that the low results 
in 1901 are believed to be due chiefly to 
the high acidity of the sewage, and experi- 
ments made in the laboratory confirm the 
statement that when sewage has a much 
greater acidity than is represented by 
Lniy parts of free sulph Jo acid in oZ 
hundred thousand parts, it is practically 
germicidal. 

Moreover, the results in 1900 show that 



the quantity of gas is directly dependent 
upon the temperature and that about twice 
as much gas is evolved in warm as in cold 
months. This fact apparently indicates 
that the purification affected by the septic 
tank will be considerably more effective in 
warm weather than in cold weather. In 
the month of July, 1901, 7.7 gallons of gas 
per 100 gallons of sewage were evolved, 
while in December of that year, 0.57 of a 
gallon of gas per 100 gallons of sewage 
was evolved, 

COMPOSITION OP THE GAS EVOLVED. 

The following tabulation shows the aver- 
age composition for the year, 1902, of the 
gas evolved at Worcester, Massachusetts : 
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SHOULD SEPTIC TANKS BE COVERED? 

When the septic tank first came into 
use, it was considered necessary that it be 
closed tightly in order to secure efficient 
action^ excluding both air and light. The 
following table, from the Manchester re- 
ports, shows that there is no particular 
advantage in a tightly closed septic tank » 
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Table No. 14. 

* Comparative Analyses of the Effluents from 
Closed and Open Septic Tanks. 



Week Ending 


Effluent from Open 
Septic Tank. 


Effluent from 

Closed Septic 

Tank. 




Grains per Gallon. 


Grains per Gallon. 


Jnly 12, 1899 


0.25 


0.30 


." 19, «* 


0.22 


0.31 


(i 26. ' " 


0.24 


0.35 


Aug. 2, " 


0.21 


0.32 


" 9, " 


0.23 


0.31 


" 16, ** 


0.22 


0.27 


•* 23, " 


0.19 


0.30 


•• 30, ** 


0.22 


0.34 


Sept. 6, ** 


0.21 


0.25 


a 13^ a 


0.26 


0.305 


Average 


0.22 


0.301 



Similar experiments have been made by 
the State Board of Health of Massaobu- 
setts, with the following results : 



Table No. 15. 
AT«t»ee AailyaeB of 8ewkg« Sntarlng uid 
EfflDonU from Opon and Cloaed BepUo Tank*. 
<Puta p«r 100,000.) 



As the result of these experiments, open 
septio tanks have been tried in many 
places, and provided that care is taken to 
pioperiy Bubmei^ inlets and outlets, and 
to have the tanks constructed with effi* 
dent scum boards, the solids are liquefied 
as thoroughly ae in a closed tank. 

THE NECESSITY FOR DETBITUS TANKS, 

Analyses show that even in very pure 

waters there is a small amount of sus- 
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pended mineral matter, which when the 
proper conditions obtain, may be expected 
to settle to the bottom as sediment. In a 
septic tank, a portion of the organic mat- 
ter settles to the bottom, carrying with it 
a considerable part of the suspended min- 
eral matter. It is evident then, without 
special discussion, that in the course of 
time a septic tank would fill up with in- 
soluble mineral matter. In order to pre- 
vent this, the sewage should be passed 
through a detritus tank, which is merely a 
small tank with a screen at the far end, 
from which this mineral matter may be 
removed by a scraping tool. Or the tank 
may be made in duplicate, so that one tank 
may be thrown out of use and cleaned, 
while the other is in use. 

THE EOYAL COMMISSION ON SEWAGE 

DISPOSAL. 

In May, 1898, Queen Victoria issued a 
Commission to report (1), What method 
« • of treating and disposing of sewage 
« * * • may be adopted • with due 
regard for existing law, for the protec- 
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tion of public health and for the economical 
and efficient discharge of the duties of theT 
local authorities ; (2), If more than one 
method may be adopted, by what rules in 
relation to the nature and volume of sew- 
age, or the population to be served, or 
other varying circumstances or require- 
ments, should the proper method of treat- 
ment and disposal to be adopted be deter- 
mined. This Commission was also empow- 
ered to make any recommendations which 
may be deemed desirable in reference to 
the treatment and disposal of sewage. The 
Commission are investigating the bacterial 
purification of sewage in all its phases and 
its report already fills five volumes, with 
others to be issued. In their Interim Re- 
port, pubhshed in 1901, it is stated that 
the following classification will serve to 
show the nature of the artificial processes : 

'* Oiosed septic tank and contact beds. 
'* Open septic tank and contact beds. 
'** Chemical treatment, subsidence tanks and 
contact beds. 

* The •xpression ** subsidence tanks" is intended to de- 
note tanks which are used in saoh way that little or no 
** septic " action is produced. 



« 



86 



** Subsidence tanks and contact beds. 

* * Contact beds alone. 

** dosed septic tank followed by contmnons fil- 
tration. 

** Open septic tank followed by continaoas fil- 
tration. 

*^ Chemical treatment, subsidence tanks and con- 
tmnons filtration. 

** Subsidence tanks followed bycontinaons fil- 
tration. 

** Continaons filtration alone." 



The fibrst conclusion of this Commission 
is as follows : 

'* We donbt if any land is entirely nseless, bat in 
the case of stiff day and peat lands, the power to 
purify sewage seems to depend on the depth of the 
top soil. 

'* There are, of course, numerous gradations in 
the depths of top soil which are met with in 
nature, and it is not easy to draw the line between 
lands which contain a sufBlcient depth to justify 
their use, and lands which do not. 

'* We are, however, forced to oonolnde that peat 
and stiff clay lands are generally unsuitable for the 
purification of sewage, that their nse for this pur- 
pose is always attended with difficulty, and that 
where the depth of top soil is very small, say six 
inches or less, the area of such lands which would 
be reqxdred for efficient purification would in cer- 
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tain oases be bo great as to render land treatment 
impractioable.'* 

The second conclosion is : 

* ' After carefully considering, howeyer, the whole 
of the eyidence, together with the results of our 
own work, we are satisfied that it is practicable to 
produce by artificial processes alone either from 
sewage, or from certain mixtures of sewage and 
trade refuse, such, for example, as are met with at 
Leeds and Manchester, effluents which will not 
putrefy, which would be classed as good according 
to ordinary chemical standards, and which might 
be discharged into a stream without fear of creat- 
ing a nuisance. 

''We think, therefore, that there are cases in 
which the Local Goyemment Board would be jus- 
tified in modifying, under proper safeguards, the 
present rule as regards the application of sewage 
to land. ' 

"No general rule as to what these safeguards 
should be can be laid down at present, and indeed 
it will probably always be necessary that each case 
should be considered on its own merits." 

The third conclusion of the Commission 

is: . 

' * We consider it of the utmost importance that 
the simplest possible means should be proyided for 
adequately protecting all our riyers, and we are 
further of opinion that it will be desirabie, prob-* 
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ably for some time to come, that scientifio ezperi- 
ments Bhould be carried on in order to ascertain all 
the real dangers of pollation, against which they 
should be protected. 

** In the present state of knowledge, and especi- 
ally of bacteriology, it is difficult to estimate these 
dangers with any accuracy, and it seems quite 
possible that they should be either exaggerated or 
undervalued according to the predisposition of 
those who have to deal with them. An authority, 
guided by medical considerations, might not un- 
naturally be inclined to insist on a degree of purity 
which may ultimately prove in certain cases to be 
uncalled for, while another authority, with its 
mind fixed upon economy, might shrink from 
taking essentiskl precautions. 

"It is, perhaps, scarcely for us to say what 
anangements should be made, but we are of the 
opinion that the general protection of our rivers is 
a matter of such grave concern as to demand the 
creation of a separate commission, or a new depart- 
ment of the Local Government Board, which shall 
be a Supreme Bivers Authority, dealing with mat- 
ters relating to rivers and their purification, and 
which, when appeal is made to them, shall have 
power to take action in cases where the local 
authorities have failed to do so." 
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OXIDATION OP STERILE SEWAGE. 

In the second report of the Royal Com- 
mission on Sewage Disposal, there is a 
paper on The Oxidation of Sterile Sewage, 
the object of the experiments being to de- 
termine whether or not, when sterile sew- 
age is exposed in thin films to the air, any 
change takes place. The conclusion is 
that the oxidation of sewage containing no 
bacteria is very slow, or that the chemical 
oxidation due to oxygen in the atmosphere 
is inappreciable. 

DESCRIPTION OP THE WORKS AT 
BARRHEAD. 

Sewage disposal works designed for a 
population of 10,000 people, contributing a 
dry weather flow of sewage and storm 
water of 400,000 Imperial gallons per day, 
with provisions for dealing with larger ex- 
ceptional quantities, have been constructed 
at Barrhead, Scotland. They consist of 
two grit chambers, four septic tanks and 
eight aerating bacterial filters, all built of 
concrete. Each septic tank is 100 feet 
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long, 18 feet wide, and 7 feet deep, roofed 
by concrete arches on steel joists with 
brick piers. 

The dry weather capacity is 312,000 
Imperial gallons, but in periods of storm, 
allowance is made for a rise of eighteen 
inches, which gives an additional capacity 
of 70,000 Imperial gallons. Each filter is 
55 feet by 54 feet in area, with 4 feet 
depth of clinker. The total filtering area 
is 2,640 square yards. The practical 
working of these filters is as follows : 

The effluent from the septic tank is sup- 
plied to one filter at a time and distributed 
over the surface by a system of stoneware 
distributing channels. The discharge 
channel is closed, so that the interstices of 
each filter become filled with the septic 
tank effluent. This effluent remains in 
the filter for one and one-half hours, dur- 
ing which time the dissolved impurities are 
oxidized by the bacteria attached to the 
filtering medium. The discharge valve 
is then opened, whereupon the filtered 
effluent escapes, drawing down a supply 
of air into the interstices of the filter. 
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The filter is then left to drain and aerate, 
while the other filters are filled in turn, 
after which the first filter is again filled. 
The opening and closing of admission and 
discharge valves is automatic, being ef- 
fected by the overflow of a small quan- 
tity of the efftuent. 

THE WORKS AT SUTTON, ENGLAND. 

In the works at Sutton, the sewage first 
passes through a sieve which removes 
large pieces of floating matter, which 
would otherwise be retained on the top of 
the bed instead of penetrating it, and, 
therefore, obviates any danger of clogging 
the surface. In the case of a town sew- 
ered on the combined principle, provision 
should be made for intercepting the detri- 
tus from roads, which otherwise would 
enter the beds, steadily diminishing their 
capacity, as well as preventing free aera- 
tion. For ordinary sewage no other pre- 
liminary treatment is necessary. 

The screened sewage is then passed into 
a coarse grained bacteria bed consisting of 
a tank, either built or formed by excavat- 
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ing the ground, filled with coke, burnt bal* 
last, broken brick or clinker or other suit- 
able materia], which wijl pass through a 
3-inch ring, and from which all the finer 
part has been removed. Material of the 
size of walnuts has been found satisfac- 
tory. This bed is provided with means 
for preventing the sewage from always 
entering at the same place. It is also un- 
derdrained with agricultural drain pipes, 
laid with open joints. It is provided with 
the necessary inlet and outlet valves. 

The sewage flows into such a bed until 
the water level has nearly reached that of 
the bed material. The inlet valve is then 
closed and the bed allowed to stand dur» 
ing two hours, the sewage in the mean- 
time being turned upon an empty bed. If 
too long a time is allowed, there is danger 
of anaerobic bacteria developing at the ex- 
pense of the aerobic. During this period 
the suspended matters are deposited and 
Uquefied. The organic matter in solution 
is also attacked and considerably oxidized. 
The bed is then emptied upon another 
filled with finer grained material and 
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another resting period allowed. In tUs 
second bed any suspended solids that may 
have escaped the coarse bed are arrested, 
either liquefied or rendered soluble, and 
oxidized, while the purification of the dis- 
solved matter proceeds a stage further. 
In case a high degree of purity is essen- 
tial, as when the effluent goes into a town 
water supply, a third treatment on another 
bed may be given, the material of the bed 
being again finer than before. Usually, 
for the third bed, coarse sand is used. 

The work of a bacteria bed is not fin- 
ished when the effluent has been dis 
charged. The sludge still remains of 
which only a portion will have been lique- 
fied while the bed was full As the water 
is withdrawn air follows into the bed, fill- 
ing the interstices, and furnishing the 
aarobic bacteria with conditions necessary 
for serobic reproduction — ^that is, they have 
food, moisture, oxygen, darkness and an 
equable temperature. The deposited or- 
ganic matters are rapidly attacked and in 
a short time the bed is ready for another 
charge. 
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THE LIQUEFACTION OP SLUDGE. 

As stated in an early chapter, the credit 
for applying practically the knowledge 
that certain organisms have the power of 
/liquefying organic matters is, by general 
consent, awarded to Scott-Moncrieff, who, 
in 1891, liquefied the sewage from a house- 
hold of ten persons. In testimony before 
the Royal Commission on Sewage Dis- 
posal, he states that the building of a new 
house afEorded the opportunity for making 
experiments upon a practical scale. He 
had long been convinced that nature was 
capable of dealing with the waste products 
from man and animals, and that sup- 
plementing her methods would enable one 
to deal with special problems of sewage 
disposal without the necessity of using 
chemicals. He states that he had been 
impressed with the rapid Hquefaction of 
the organic waste products in long lengths 
of sewers. 

In the experimental installation at Ash- 
tead, MoncriefE constructed a bacterial 
tank, into which the crude sewage was 
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admitted from below, gradually passing 
upward over the surface of a bed of 
stones. After trying various materials, 
he found that flints were the best, because 
they were stable and did not change after 
p Jing. In this experimental plant the 
liquefaction of the solids was so effective 
that the entire sludge of ten persons was 
absorbed on nine square yards of land, 
causing no distinction between the soil 
and that surrounding. This action had 
continued for seven years. The space be- 
neath the undergrating of the tank had 
less capacity than five cubic feet, and 
would obviously have soon filled up but 
for the hquefying action taking place. 

The author of this system states that he 
found it necessary to keep back all grease, 
in a properly constructed grease-trap, be- 
cause grease interfered with the operation 
by mechanically arresting the whole pro- 
cess. The organisms seemed quite in- 
capable of carrying on their work in a 
greasy medium. 

Later on, with the object of obtaining 
an oxidized effluent, the tanks were du- 
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pHcated and used alternately, with periods 
o£ aeration and rest. These tanks gave a 
clear effluent, but without nitrification, but 
that the liquid was ready for oxidation 
was proven by passing the effluent into a 
small brook, the water of which became 
clearer below the discharge than above it. 
Afterwards, Scott-MoncrieflE constructed 
a tank with trays and air spaces, which 
performed the operation of successfully 
oxidizing sewage, and for a description of 
which reference may be made to any good, 
recent work on sewage disposal. Volume 
II of Evidence before the Royal Commis- 
sion on Sewage Disposal, may also be con- 
sulted for the views of Scott-MoncriefE 
himself. 

REDUCTION m THE NUMBER OF BACTERIA 

IN A BIOLOGICAL EFFLUENT BY 

MEANS OF FILTRATION. 

The Boyal Commission on Sewage Dis- 
posal caused experiments to be made on 
this point, with the following results : 

The experiments consisted in passing, at 
a definite rate, a biological effluent of 
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known bacterial impurity, through four 
feet of sand, and in daily analyzing the 
filtrate and in noting the reduction both in 
the total number of bacteria and in bacil- 
lus coll communis and in £acillus enteri- 
tidis sporogenes. The experiments were 
subsequently extended to ascertain 
whether if Bacillus prodigiosus and 
Bacillus pyocyaneus were placed in the 
biological effluents supplying the filters, 
they would appear in the filtrate, and, if 
so, how soon after filtration this would 
occur, and also when they would disappear 
again. Experiments were made with the 
Bacillus typhosus in a similar manner. 
The following are the general conclusions 
of the Commission : 

''When an efflnent oontaining upon an ayexage 
800,000 bacteria per cubic centimeter and 10,000 
BadUtiseoh-per cubic centimeter is passed through 
a depth of four feet of soil at a slow rate (viz., be- 
tween 10 and 4 liters per 12 hours), there is a yeiy 
great reduction In the total nimiber and in the 
BaeiUus coU^ and the chance of a very pathogenic 
bacterium like the BaciUus typhomis appearing in 
the filtrate must be exceedingly smaU. 

"When it is remembered that normally the Bo- 
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eiUus typhotus is not present in the excreta of all 
cases of typhoid, whilst BadUus eoU is always 
present in the faeces, and that the proportion of 
typhoid cases to the total number of the population 
is not large, that typhoid excreta are usually disin- 
fected, and that it has not been shown that favor- 
able conditions exist in sewage for the multiplica- 
tion of the typhoid bacillus, it appears eyident that 
land or other method of efficient filtration must 
totally remove this organism from a Dibdin efflu- 
ent, did it happen to be present 

*<In the experiments, the BaeiUus typhoms was 
mixed with the effluent flowing on to the filters in 
far larger proportion than would ever occur in 
nature, and yet it could not be found in the 
filtrate." 

FILTRATION BY PERCOLATING FILTERS. 

The first experiments on continuous 
filtration, or, preferably, by percolating 
filters were those of Lowcock in 1892, 
and Col. George E. Waring in 1894. In 
the Lowcock experiments, it was at- 
tempted to purify crude sewage by forcing 
air into a gravel or broken stone filter. 
They were not successful. Percolating 
filters, as used in England, do not gen- 
erally attempt to treat crude sewage, but 
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only sewage that has first been acted upon 
by ansBTobic bacteria. They depend for 
efficiency of operation on openness of 
construction and the applying of the par- 
tially purified sewage in the form of spray. 

Perhaps the most interesting experi- 
ment on percolating filters is the plant re- 
cently completed at Salf ord, England. At 
this plant the sewage of a city of 250,000 
inhabitants, with a dry weather flow of 
sewage of over 8,000,000 Imperial gallons 
per day, is to be treated by this method. 
The sewage is first treated chemically, 
after which the clarified sewage is run 
through roughing filters filled with gravel, 
at the rate of 400 gallons per square yard 
per day, the rate to be increased up to 
16,000,000 gallons in stormy weatiier. 
From the roughing filters it is delivered 
to an aerated bed, 500 bed long, 510 feet 
wide and 10 feet deep, filled with fine 
cinder. 

After passing through various pipes, 
the detail of which is not interesting ^eiv), 
the sewage is run out upon the cinder bed 
through J-inch sprays. This bed is thor- 
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OTighly underdrained with a special form 
o£ tile which insures air circulation be- 
neath the filter. There is enough head on 
the spray pipes to cause the liquid to 
spout out to a height of five to eight feet, 
falling like rain upon the surface of the 
filter. 

This plant is undoubtedly very expen- 
sive, and it remains to be seen whether 
the treatment will be successful. This 
method is probably capable of treating 
larger quantities of clarified sewage on a 
given area than any other bacterial pro- 
cess. It has the further advantage that 
the accumulation of solid matter in the 
interspaces will only reduce the volume of 
liquid which can be treated when the 
amount of soUd matter becomes so great 
as to interfere with the free passage of the 
liquid. 

This method of treatment is also called 
intermittent continuous filtration, but a 
preferable name seems to be filtration by 
percolation, or by intermittent percolating 
filters. This method of sewage purifica- 
tion has been developed by Colonel Ducat^ 
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Whittaker and Bryant and Mr. F. W. 
Stoddard. All these filters differ from 
each other in some degree, but are alike in 
this — that they are appliances for mingling 
as large a proportion as possible of oxygen 
with the sewage. Mr. Lowcock and Col- 
onel Waring attempted the same thing in 
1892 and 1894. The limit of space in this 
book makes it impossible to describe these 
filters in detail, and the reader is referred 
to the larger works on Sewage Disposal for 
complete descriptions. 

THE INVESTIGATION OF THE RIVER SEVERN. 

The Royal Commission on Sewage Dis- 
posal made a very elaborate investigation 
of the River Severn. This river presented 
great advantages for an investigation of 
the biological flora because of the follow- 
ing reasons : 

'* (1). It is a typical example of a river used for 
drinking and domestic purposes, and for fishing. 

*'('2). Its volume and velocity can be readly 
determined. 

* * (3). It is exceedingly tortuous and therefore 
comparatively long distances by the rivar were rap- 
resented by short distances in a straight line, ren- 
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dering points of observation within easj reach of 
one another. 

*' (4). It received the whole of the sewage of 
the town of Shrewsbury." 

Some of the practical questions investi- 
gated were as follows : 

* * (1). "What happened to the intestinal bacteria 
when they passed into the river ? 

" (2). How far down the river were they car- 
ried and what was the evidence of multiplication ? 

'* (3). Did they accumulate and multiply in the 
mud of the river ? 

* * (4). At what distance below the source of the 
pollution was it safe to drink the water ? 

**(5}. What was the simplest and most rapid 
means of detecting intestinal bacterial pollution in 
the river? 

** (6). What, if any, is the effect of the seasons 
upon the bacteria of the Biver Severn ? '* 

The following are the conclusions as to 
the study of the River Severn, which ex- 
tended from November; 1899, to February 
1901: 

'' (1). That the BaciUtu eoU is a most reliable 
test of pollution. 

** (2). That the BaeUUis eoli is normally absent 
in one cubic centimeter quantities of water taken 
from the Yymwy watershed of the Biver Severn. 
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^* (3). That when the Bacillus coU is present in 
a small stream, contamination from houses can be 
traced. 

^ ' (4). That small land drains are comparatiTely 
free from Bacillus eoli, 

*^ (5). That the small streams nuuoing into t^ 
Seyem often contain considerable quantities of tho 
BadUus coli due to contamination from proximitj 
to hou'-es. 

*^ (6). That the sewage of Shrewsbury causes |t 
very great increase in the number of BaeiUy4 eoU 
in the riyer, and that sixteen miles lower down the 
effect of pollution can still be detected by the num* 
ber of BadUvs coli present. 

'* (7). That there is no evidence of ^ multpr 
plication of the Bacillus coli in the river water. 

' * (8). That t|ie Badilus coli is present 19 eaof 
siderable numbers in the mud of the Severn in H^ 
polluted anea, and that this mud may be the means 
of keeping up and eaLtending pollution, but th# 
there is no evidence of the maltiplieatio& gf the 
BaeH^ ooU in the jnud. 

'* (9). That there is comparison between totc^ 
numbers of the bacteria and the BaaUlus coU, but 
the relative proportion oi^ the nuipheis of the let- 
ter to the former is small. 

*V(10). Thfkt difference oconr between the 
number of Badlli coli in superficial •nd deep sanii- 
ples, and sample^ tf^^ei^ nejor the ben^ and iil 
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stagnant bays, and that therefore cross-section 
samples should always be taken. 

**(11). That sedimentation and side adhesion 
to the banks of the solids in suspension take place, 
and that at places in the bed of the river, anaerobic 
fermentation occurs, whilst along the banks, especi- 
ally in the wind and water line, aerobic bacteria 
actively help to destroy the organic matter. 

" (12). That certain places in the river are very 
deep, and that these act as catch pits, that the 
stream in these places is sluggish, and that sedi- 
mentation is favored. 

*' (13). That in the destruction of organic mat- 
ter, whether solid or in solution, whilst the bacteria 
take the greatest share, help is also rendered by 
the protozoa and higher forms of animal life, by 
the sewage fungi, the chlorophyll containing pro- 
iophytes, and the river plants. 

* * (14). That the Sphaerotilm natans is a test of 
fiewage pollution, and that it is a purifier of sewage. 

** (15). That there is no evidence to show that 
pathogenic bacteria multiply in either the water or 
mud of the river. 

'^(16). That seasonal vajia^ons in the number 
of bacteria occur, but taking theBcusUlus coli as the 
test for pollution, that the number of this organ- 
ism is dependent upon the numbers present in the 
sewage entering the river, and that when the river 
is swollen and muddy the number is small, owing 
to iDcreased dilution, and that when the river is 
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low the nmnber is large, owing to ihe lesser degree 
of dilutioii which the sewage midergoes when it 
enters the river. 

*' (17). That the effect of dilution of the river 
upon the sewage of Shrewsbury is most marked. 
•That the average mftTimnTn number of Bueillus 
coli in the river is only 600 per cubic centimeter, 
which is much less them in an average Dibdin efflu- 
ent, whilst a short distance below pollution the 
number decreases very oonsiderably. 

'*(18). That there is a relatiooship between 
chemical and biological analyses. 

'* (19). That the Hiver Severn is a good ex- 
ample of a river which it would be diffisult to class 
either as a potable or non-potable stream. 

** (20). That what has been described in t^ 
report upon the effects of allowing crude sewage to 
enter the Biver Severn is also applicable tobiologi* 
cal effluents. Grade sewage is an example of the 
worst form of pollution, the effluonts from biologi- 
cal methods of treatment examples of a lesser de- 
gree of contamination, because the solids in suspen- 
si<Hi in the latter are far less in amount and are in 
a fine stete of division, and the number of the 
9Q/CiUu$ coK is smaller/' 
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THE LONGLIVITY OF BACILLUS TYPHOSUS 
IN SEWAGE AND SEPTIC EFFLUENTS. 

The Royal Commission on Sewage Dis- 
posal having shown that the final effluent 
from the various biological methods of 
sewage treatment very often contain the 
BocWms cdi in large numbers, the ques- 
tion naturally occurs whether, if the BacU- 
li4S typhosus found its way into bacterial 
beds, it would survive and passing into the 
effluent, constitute a danger. This matter 
was reported upon by Dr. Alfred MacCon- 
key, who calls attention to the fact that 
the BadUus cdi tends to die out both in the 
earth and sand composing filters and 
in the water and mud of the River Severn. 
Once outside of the alimentary tract, the 
BaciUm coli is not in the most suitable en- 
vironment for its multiplication and the 
innumerable coarser bacteria of purifica- 
tion in their rapid multiplication, use up the 
food materials and produce products, which 
in all probabihty, result in injury to the more 
sensitive BaciUpis coli. If in this struggle 
for existence, the Bacillus cdi is outdis- 
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tanced by the coarser bacteria and soon 
peiishes, there is still more reason why the 
bacillus of typhoid should not long survive 
outside the alimentary tract. The reason 
for supposing this is that it has been 
shown. that the BaciUus typhi adaminalis is 
much more sensative than the Bacillus coU 
to certain reagents, and that even the slight 
acid reaction of the potato retards its 
growth, while the BaciUus coli grows lux- 
uriantly. 

Some of the more interesting conclu- 
sions of this study are as follows : 

(1). In the case of crude sewage inocu- 
lated with BaciUus typhosus, it may be con- 
cluded that the organism will die out 
rapidly. The same -thing is also true of 
partially sterilized crude sewage. 

(2). In an open septic tank effluent, in- 
oculated with BaciUus typhosus j in the first 
experiment the organism was recovered 
after fifteen days, but not after ten days 
in the second experiment. This medium 
is more favorable to the BaciUus typhosus 
than an untreated open septic tank ef- 
fluent. 
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(3). In the effluent from a Dibdin bed, 
partially sterilized, the Bacillus tifphosus is 
capable of surviving as long as in an open 
sceptic tank effluent, having been recovered 
at the end of fifteen days. 

(4). In either a partially steriUzed or 
untreated Cameron effluent, the Bacillus 
typhosus appears to die out more quickly 
than in the other fluids used. In the case 
of a partially sterilized Cameron effluent, 
there were 8,000,000 Bacilli typlwsus per 
cubic centimeter at the commencement of 
the experiment, but these had decreased to 
less than 3,000 per cubic centimeter in six 
days and to less than 30 per cubic centi- 
ilieter in ten days. In the case of a Cam- 
eron effluent, untreated, the number of 
BaciUi typhosus, at the beginning of the ex- 
periment, was 12,000,000 per cubic centime- 
ter*, and none were recovered at the end of 
six days. 

(5). As a final conclusion, it may be 
stated that the fluids experimented with 
are inimicable to the growth of the BacU- 
lu$ typhosus and if these bacilli find their 
way into a bacteriological system of treat- 
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ment, they meet with conditions hostile to 
their multipUcation. 

THE SEWAGE FUNGUS AND ZOOGLEA 

MASSES. 

The sewage fungus has been long recog- 
nized as an indicator of sewage contami- 
nation. It was studied by the Royal Com- 
mission on Sewage Disposal in the Atcham 
Brook, in the River Alt and at Dewsbury, 
Leeds and Birmingham. 

The fungus is a gelatinous, cottonwool- 
like and wavy white and reddish growth, 
which is found in shallow water, on stones, 
lining drain pipes, attached to water plants 
and debris. It has also been found in a 
urinal. Quantities are often seen in the 
streams of sewage farms and in small 
brooks and drains found in the vicinity of 
houses and villages in the country. At 
Dewsbury it was seen in the mouth of the 
main effluent from the sewage farm, where 
in a bright effluent, the tufts of fungus 
were long and rusty, owing to a deposit of 
ocdde of iron. This form of fungus was 
identified as Leptomitus lacteus. At Bir- 
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mingham it was encountered in great quan- 
tities in the stream receiving the effluent 
from the sewage farm. In the Atcham 
Brook the growth was white and the tufts 
wavy and very gelatinous, and the brook 
was completely choked by it. A bacter- 
iological examination showed that this 
stream contained 19,000 BacUli cdi per 
cubic centimeter. It was found that with- 
in a short distance a sewer from the 
Atcham workhouse was connected with 
the brook. The variety of fungus found 
in Atcham Brook was SphaerotUiis nutans. 

Although classed under the head of 
sewage fungus there are certain distinct 
growths which may be placed among the 
highly developed forms of bacteria. There 
are also various bacteria zooglea masses, 
which may assume a branching appear- 
ance like a sewage fungus. The appear- 
ance of typical fungus is sometimes caused 
by extensive growths of a protozoon, the 
Carchesium lachmanni. 

In crude undiluted sewage a skin-like 
growth may form at the sides of the con- 
duit in contact with the air, or at those 
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points where the crude sewage passes 
over a lip. This growth consists of club- 
shaped zooglea masses of bacilli and from 
observations at Leeds there appears evi- 
dence that the zooglea masses tend to form 
sulphur from the dissolved sulphureted 
hydrogen. Green algae may also develop 
in sewage polluted water, and when they 
do so, they may, with sewage fungus and 
bacteria, play a direct part in purifying 
polluted water.* 

FLORA OP THE RIVER SEVERN AND THE 
SHARE IT TAKES IN PURIFICATION. 

In the report of the Royal Commission 
on Sewage Disposal, it is remarked that 
the relationship of plant life to the purifi- 
cation of streams is a matter of practical 
interest, and that accordingly a survey of 
the plants Rowing in the River Severn 
and along its banks, has been made in 
order to ascertain the share they take in 
cleansing the river. 



* See On the Fresh Water Algee and their Relation to the 
Puritjr of Public Water Supplies Trans. Am. Soo. 0. E., 
Vol. XXI. p. 483, (1S89}. 
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Along the wind and water line " there is 
a zone covered with Euglena^ OscillatoricoB 
and doaterium^ together, when the water 
is polluted, with other protophytes. The 
polluted mud also harbors much animal 
life, NaU being abundant. This worm 
has reddened the^mud of the Thames and 
it is abundant in Dibdin effluents. It 
swarms on Leptomitua and Sphaerotilua. 

The submerged banks support in the 
deeper parts, Potamogeton perfoliatusy lb- 
tamogeton natansy Zostera^ MyriophyUum 
verticillatum and Hanunculus aqiuxtica^ 
and in the shallower parts, the Sedges, 
Alisma, water Grasses and Willows. The 
services which these aquatic plants render 
a polluted river are very great. After 
passing through a mass of them, the water 
is appreciably brighter and cleaner, and it 
is only necessary to vigorously disturb a 
patch in order to give the water the muddy 
appearance which it has in flood time. 

The aquatic plants give off great quan- 
tities of oxygen in the presence of sunlight. 
Hence, the quantity produced by the mass- 
es of water Banunculm in the Eiyer Seveni 



113 



must be large. These will probably mate- 
rially assist in neutralizing the harmful fer- 
mentations which take place in the more 
highly polluted parts of the river. Micro- 
scopical examination of the matter adher- 
ing to aquatic plants reveals the presence 
of numerous protophytes, protozoa and 
bacteria. 

It is a very fortunate feature that in 
summer time, when the dilution is less, 
and when putrefaction is much more 
active, the harmful effects of bacterial 
activity are neutralized by the growth of 
these aquatic plants. But in the River 
Severn, at any rate, this action, while im- 
portant, is not complete. 

ANTHRAX IN THE SEWAGE OF YEOVIL, 

ENGLAND. 

The Royal Commission on Sewage Dis- 
posal have given, in their second report, 
an account of the presence of anthrax in 
the sewage of the town of Yeovil, En- 
gland. As this is an exceedingly interest- 
ing case, we will refer to some of the more 
interesting points. 
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An experimental septic tank and coke 
beds was installed at Yeovil, where the 
sewage has the reputation of being ex- 
cessively foul, due to the large proportion 
of trade refuse present in it. This trade 
refuse is derived from twelve hide fac- 
tories, together with three breweries. 
Samples of the septic tank liquid vcre 
collected on March 22, 1901, which were 
found to yield cultures of pure anthrax. 
The inoculation of guinea pigs resulted in 
their deaths on the sixth and seventh 
days. In the second experiment only two 
cubic centimeters were injected. 

Sludge from the septic tank was collect- 
ed on the same date, and guinea pigs inoc- 
ulated, who died on the third and fourth 
days. Examination showed that their blood 
was teaming with the BacUlus anthrax. 

On April 12, 1901, a sample of coke in 
one of the coarse beds was taken up from 
a depth of about one and one-half feet and 
placed in a wide-mouthed stoppered bot- 
tle. Thirty-six cubic centimeters of sterile 
water were added and the bottle vigor- 
ously shaken. The first two experiments 



115 

were negative, but in the third experiment 
one cubic centimeter was used to inocu- 
late subcutaneously a guinea pig. Tho 
animal died on the fourth day and BaciWus 
anthrax was found present in the blood and 
organs. 

Samples of the coke in one of the fine 
beds was also collected at the same time^ 
and, after placing it in a wide-mouthed 
stoppered bottle, sixty-two cubic centi- 
meters of sterile water were added. One 
cubic centimeter of the surface liquid waa 
injected subcutaneously into a guinea pig^ 
which died on the second day. Its blood 
and organs were found to contain the 
Bacillus anthrax. The BaciUtss anthrax waa 
also found in the mud and banks of the 
River Yeo and Yeo Brook. 

As the result of these experiments the 
Yeovil authorities have made preparation 
for a final treatment on land. 

THE SUBCUTANEOUS INOCULATION OF ANI- 
MALS WITH CRUDE SEWAGE AND 
WITH EFFLUENTS. 

During 1898 and 1899, Dr. A. C. Hous- 
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ton carried out a research on the Subcu- 
taneous inoculation of animals with crude 
sewage and with effluents. The following 
is a brief summary of some of the results, 
as abstracted from the report of the Royal 
Commission on Sewage Disposal : 

(1). The subcutaneous injection of crude 
sewage frequently produced death in from! 
twenty-four to seventy-two hours. Some- 
times the effluent from coke contact beds 
was found to be more pathogenic than raw 
sewage, but usually a larger dose of efflu- 
ent than of crude sewage was required to 
produce a fatal effect. 

(2). If the injection of crude sewage or 
effluent is not followed by fatal results 
within the first few days, the animal may 
occasionally die after a lapse of some 
weeks from pseudo-tuberculosis. 
- (3). When the animal dies rapidly, viru- 
lent microbes may readily be isolated irom. 
the blood or tissues of the animal. 

(4). If the crude sewage or effluent be 
previously heated to 100° C. for one hour, 
large doses may be injected without pro- 
ducing a fatal result. . 
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(5). If the crude sewage or effluent has 
been previously Heated to 80° C. for ten 
minutes, a pathogenic effect may still be 
produced, but a larger dose is required 
than when the hquid has not been heated. 

(6). If the crude sewage or effluent be 
filtered through a sterilized Pasteur filter, 
very large doses fail to produce a patho- 
genic effect. 

It may, therefore, be concluded that 
sewage must always be regarded as a 
liquid potentially dangerous to health, and 
that sewage effluents, which resemble 
sewage in their biological composition, 
must be considered harmful. 

THE PERCENTAGE OP VOIDS IN BROKEN 

STONES. 

Experiments as to the voids in broken 
stone may be found recorded at pages 
336-7 in a report dated April 1, 1894, in 
Appendix E of the Report of the State 
Engineer and Surveyor of New York for 
that year. 

Pour qualities of stone were experi- 
mented upon — Genesee shale, a limestone 
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from Ridge quarry, and a Portage sand- 
stone from Portage and Nunda. There is 
very little difference in the quality of these 
two latter stones. 

. Genesee shale gave as a mean of five 
determinations, the voids at 38.3^, but, 
when packed in a box with a tamping 
iron, the mean was 31.6%, 

The stone from Ridge quarry. was a hard, 
compact limestone. The mean of five 
trials, slightly shaken, was 46.2^, and the 
mean of five trials with stone packed, was 
38.6%. 

The mean of five trials of the Portage 
stone, slightly. shaken, was 43.3;^, while the 
mean of five trials of Portage stone 
packed, was 37.4j^. The stone from the 
quarries at Nunda gave very nearly the 
same results as those at Portage. 

These stones were all hand-broken to 
pass through a two-inch ring, and were 
free from dust and fine chips. 

Coke, as used in filters, has probably a 
larger percentage of voids than broken 
stone, but experimental evidence on this 
point is not at hand. 
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VELOCITY OF FLOW IN A SEPTIC TANK. 

The size of the installation will depend 
upon the velocity of flow through the 
septic tank, and velocity of flow, therefore, 
is directly related to the initial cost. The 
following tabulation shows the velocities 
in the Manchester and Leeds experiments : 



Town. 


Length. 


Width. 


Depth. 


Oontents. 


Manchester tanks 
Leeds <* 


Feet. 
300 

100 


Feet. 
100 

60 


Ft. In 

6 

7 7 


Imp. Gallons. 
1,125,000 

250,000 



If we assume that each tank is to be 
filled once in twenty-four hours we obtain, 
at Manchester, a velocity of 2.5 inches per 
minute, and at Leeds of 0.84 inch per min« 
ute. This means that in the Manchester 
experiments the velocity would have been 
three times as great as in the Leeds exper- 
iments. It is clear, therefore, that if tho 
composition of the sewage of the two towns 
was identical, the results in the removal of 
suspended matters could not have been 
identical. We may conclude, therefore, 
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that the velocity to be employed in a septic 
tank should not be expressed by the length 
of time the sewage remains in the tank, but 
should preferably be expressed by some 
linear measurement in a stated time, as in 
inches per minute. Without discussing 
why, we may say that the depth and breadth 
of the tank should be such that the flow 
of sewage through it should not exceed 
one inch per minute. The following table 
shows the rate of flow, as well as the depo- 
sition of the suspended matters in the sep- 
tic tanks as used at Exeter, Manchester 
and Leeds. This table shows a very largo 
proportion of reduction of the sludge in 
septic sewage is due to the sludge flowing 
away in the effluents. This is a very im- 
portant point. In examining the septic 
sewage disposal plants at Plainfield, New 
Jersey; Liberty, New York; Rockingham 
County, New Hampshire Poor-farm, and a 
private plant at Milton, Massachusetts, in 
the fall of 1902, this fact was markedly 
brought out. In all these plants, a large 
quantity of sludge was passing away in the 
effluent. At Plainfield and Liberty, this 



was true even in the final effluent from 
double filtration through contact bejls. 

Table No. 16 
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COST OP SEPTIC TANKS, CONTACT BEDS, &C. 

Only very general figures as to the cost 
of installing biological systems of sewage 
disposal can be given. The following may 
be of interest : 

The cost of septic tank and single filtra- 
tion through a contact bed for seventy-five 
people, at Rochester, N. Y., the filtration 
being at the rate of twenty-four gallons 
per square foot of area per day, was about 
$2,000. It is proper to say that this plant 
was built by day's labor in the winter, and 
under more favorable circumstances would 
not have cost to exceed $1,400 to $1,500. 

A septic tank of capacity of about 
53,000 gallons, for Cuba Village, New 
York, and designed to care for the sew- 
age, alone, by septic tank treatment purely, 
of 1500 people, will not cost to exceed 
$3,400. 

According to the 21st Annual Report of 
the State Board of Health of New York, 
for 1900, the sewage disposal of Canajo- 
harie, N. Y., if constrmcted with septic 
tank and special filter bed, will cost $13,*- 
000, with an annual cost for maintainance 
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and operation of $3,000. Capitalizing 
$3,000 at 5^, we have $60,000. Adding 
this to the $13,000, we have $73,000, which 
represents the total cost of the sewage 
disposal at this place. If, however, dilu- 
tion is used during the months of heavy 
rainfall, and septic tank treatment only in 
months of light rainfall, we have, as the 
first cost of the works, $6,567, to which 
may be added for interest, depreciation 
and operation, say $800 per year, which 
at 5^, has a capitalized value of $16,000. 
Addmg this to the $6,567, we have $22,567, 
which represents the total cost of the sew- 
age disposal if dilution is used part of the 
year. The population of Canajoharie was 
2,101 in 1900. 

According to the testimony of Mr. Cam- 
eron, before the Royal Commission on 
Sewage Disposal, the installation at Exe- 
ter, England, cost $2.15 per capita and 
$40 per one thousand gallons treated per 
day. This was on the. basis of a popula- 
tion of 47,000, with a maxium dry weather 
flow to be dealt with of 2,500,000 Imperial 
gallons per day. These figures only iur 
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elude the works, such as building of tank 
and filters, grit chambers, the buildings 
and pen-stalks and valves required for 
regulating the flow*. 

The installation at Barrhead is designed 
for a population of 10,000 and a maximum 
quantity of sewage of 400,000 Imperial 
gallons per day. This works out to about 
$59 per one thousand gallons treated. 
Generally the smaller the installation the 
greater the cost. 

In illustration of this, at WaUngford,the 
estimate for a population of 3,000, dealing 
with 90,000 gallons per day, is about $93 
per one thousand gallons treated. 

At Warley, with a population of 500, 
and with 20,000 gallons as the maximum 
quantity to be dealt with per day, the first 
cost is $119 per one thousand gallons 
treated. The maintenance cost in this 
case is 0.66 of a cent per one thousand 
gallons treated per day. 

At St. Budeaux, with a population of 
500, and with a flow of sewage of 15,000 
Imperial gallons per twenty-four hours, 
the first cost comes to about $113 per one 
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tuousaild gallons and the maintenance 
oost to 0.8 of a cent per one thousand gal- 
lons treated. 

As to the cost o£ the material for filter 
beds, etc., coke at Rochester, N. Y., costs 
$4 per cubic yard, but in England, judg- 
ing from the testimony of Mr. Stracham, 
it will not cost more than about $2 per 
cubic yard. Clinker, it is stated, cost 
$1.50 per cubic yard. These figures. of 
cost are, of course, very general, and are 
understood as general indications only* 

PATENTS ON THE SEPTIC TANK. 

Extensive patents have been taken out 
by Cameron, Commin and Martin, of Exe- 
ter, England, on the process and apparatus 
for treating septic sewage. The Amerir 
can patent is No. 634,423, dated October 
3, 1899. Cameron and Commin have also 
secured patent on apparatus for automati- 
cally controlUng the delivery of the sew- 
age, of which the American patent is No. 
634,424, alsa dated October 3, 1899. 
These gentlemen have estabhshed an office 
in Chicago, Illinois^ and it is understood 
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have installed a number of sewage dis- 
posal plants in different parts of the 
country. 

Patents have also been obtained by 
Oarryt D. Mitchell. His patent is for a 
combined septic tank and bacterial purifi- 
cation bed, and is No. 580,793, dated April 
13, 18.97. There are a number of other 
patents, but the foregoing are the more 
important. 

AX7T0MATIC ARRANGEMENTS FOR DIS- 
CHARGING CONTACT BEDS. 

Automatic arrangements for discharging 
contact beds have been very thoroughly 
developed in England, where there are in 
common use for this purpose, ordinary 
siphons, Adams' automatic siphon, Camer- 
on's automatic gear, and Mather and 
Platf s automatic valve. A number of 
appliances have also been developed in this 
country, but the English designs are, gen- 
erally speaking, in advance of ours. Au- 
tomatic siphons for this purpose can be 
obtained from The Pacific Flushtank Com- 
pany of Chicago, and Cameron's auto. 
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matic gear can be obtained from tbeir 
agent at Chicago. 

The automatic siphon, coming into action 
as soon as a bed is fOled, is the simplest 
arrangement, but the objections to its use 
are that the organisms require to remain 
in contact with the filtering medium for a 
couple of hours. This disadvantage is, 
however, obviated by the use of Adams^ 
automatic arrangement, whereby the sew- 
age rising in one contact bed compresses 
air in a dome, cuts off the sewage from, 
this bed and applies it to another. This 
apparatus can be used for keeping sewage 
in a contact bed as long as desired. 

The automatic alternating gear devised 
by Cameron, works as follows : The efflu- 
ent rises in a chamber and lifts a counter- 
poised bucket, which closes a valve divert- 
ing the sewage upon a second filter, at the 
same time unlocking the first bed. 

In the automatic arrangement of Mather 
and Piatt, the outlet of the contact bed ia 
kept cloi^ed by the weight of fluid pressing 
against a valve. When the bed is full the 
sewage overflows into a tank at the end o£ 
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the long arm of a lever, and after a certain 
quantity has passed into the tank, the 
weight is sufficient to open the valve. 
Mather and Piatt also have an arrange- 
ment for feeding beds in regular succes- 
sion, which consists of a tank in which 
there is a large float. This tank is filled 
and emptied by means of a siphon, caus- 
ing the float to rise and fall. Each fall of 
the float turns a shaft one-sixth of a revo- 
lution. This shaft is armed with cams, 
which press upon different levers, opening 
valves supplying different contact beds. 

AS TO THE PREFERABLE BACTERIAL 

PROCESS. 

"We have seen in the preceding that 
sewage may be purified either through 
closed or open septic tanks, followed by 
single, double or triple treatment in con- 
tact beds J or by ordinary chemical treat- 
ment, followed by subsidence tanks and 
contact beds j or by subsidence tanks and 
contact beds ; or by contact beds, alone ; 
or in closed or open septic tanks, followed 
by filtration through percolating filters, or 
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chemical treatment, subsidence tank and 
filtration through percolating filters j or 
by subsidence tank followed by filtration 
through percolating filters ; or by filtration 
through percolating filters alone j and the 
question may be appropriately asked, un- 
der what circumstances should one process 
be adopted and when another ? 

In the septic tank the sewage, after be- 
ing freed of the coarser particles in detritus 
tanks, etc., is received in a large chamber, 
through which the rate of flow should not 
exceed about one inch per minute. In 
English towns, where the quantity of sew- 
age does not exceed thirty to forty gallons 
per capita per day, such a construction can 
be made quite economically even with this 
low rate of flow. But in the United States, 
with from eighty to one hundred gallons 
per capita per day, the septic tank be- 
comes, for these low rates of flow, quite 
expensive. The septic tank allows a con- 
siderable portion of the sludge to pass 
away in the effluent, and which again, if 
the rate of filtration is too high, may clog 
contact beds to which it is applied. 
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In contact beds the filtering material 
need not be very carefully graded and 
there is no special necessity for a careful 
distribution of the sewage. Further, con- 
tact beds should be constructed with 
water-tight walls and double contact is 
necessary in order to secure the same re- 
sult in purification as with one percolating 
filter. Double contact beds shovild be 
made on the basis of one square yard of 
material, 4 feet deep for every 130 United 
States gallons per day of sewage treated. 
One advantage of the contact beds over 
the septic tank is that the operations are 
enough more rapid to permit of two fillings 
per day, while, as we have seen, the con- 
tents of the septic tank should not be 
changed more than about once per day, 
but it should be remembered that the 
content of a contact bed is less than that 
of a septic tank with the same superficial 
area. 

In percolating filters the sewage should 
be distributed by stationary or revolving 
pipes so arranged that the sewage reaches 
the surface of the bed in the form of 
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spray. The material of such filters should 
be free from dust and averaging from J- 
|-inch m diameter. 

These filters ar6 less expensive than 
contact beds. The air supply to inter- 
mittent percolating filters may b^ as much 
as five times the volume of the sewage 
treated, while in contact beds the air 
supply is only equal to about the volume 
of the sewage treated. The effluents from 
percolating filters are, therefore, more 
highly oxidized than in the case of con- 
tact beds. Percolating filters may purify, 
under favorable conditions, nearly 600 
United States gallons per square yard per 
day. 

In order that the spraying apparatus of 
percolating filters may work satisfactorily, 
all the matter in suspension in the sewage 
should be removed before applying it to 
such filters. 

According to Barwise, the greater the 
fall available at the outfall, the more 
should filtration be relied upon. On the 
other hand, with slight fall, septic tanks 
and anaerobic beds should be made of 
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larger capacity, leaving as little work as 
-possible for shaUow filters. The f oUowing 
embodies Barwise's complete answers to 
the question, as giv^n in his Bacterial 
Purification of Sewage : 

* * (1). In the first place, detritus tanks and screens 
should under all circumstances be employed. 

" (2) . Next, it should be borne in mind that the 
more fall which can be obtained at the outfall 
works, the simpler the purification plant, the more 
thorough the process of aeration, and the easier the 
task of obtaming a good effluent. The outfall 
sewer should therefore be laid with just sufficient 
fall to make it self -cleansing. No fall should, how- 
eyer, be wasted. For this reason, it is always ad- 
▼isable, wheneyer it is possible, for the outftJl 
sewer to be brought to the outfall works in an em* 
bankment as high above ground as convenient. 

* ' (3). Where there is a large amount of fall at the 
outfall works, say twenty to thirty feet, the sewage 
may be purified by multiple filtration without any 
septic tank, the effluent from the first bed bepig 
collected in a tippler or automatic flushing tank, 
and then distributed over a second bed, and 
so on over a third, the first bed being a eoaxse 
one and the subsequent filters gradually finer. 
The filters need only consist of heaps of dean 
elinker, etc., without retaining walls, « * « 
the distributoxB being supported above the filter 
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and the sewage being sprayed all orer the surface. 
*'(4). Where there is a moderate fall, a septic 
tank, say to hold half the daily flow, and a Literal 
flow bed to hold one-third of a day's flow in conjono- 
tion with percolating filters, is a scheme which will 
utilize a fall of about ten feet to the greatest 
advantage. When less than ten feet is available 
the capacity of the liquefying portion of the plant 
(septic tanks and anaerobic beds) should be in- 
creased, so as to lessen the work to be done by the 
filters. 

'* (5). When, however, there is extremely little 
fall, say only four or five feet, the maTinimn 
amount of puriflcation that can be effected by the 
ansarobio bacteria should be aimed at. The septio 
tank itself requires no fall, nor is a fall wanted f <^ 
an upward-flow filter or a lateral filter. A septio 
tank should therefore be constructed capable of 
holding at least a day and a half's flow, l^e effin^ 
•nt from the septio tank should also be passed 
through a lateral bed capable of holding half • 
day's flow. The sewage should be admitted to the 
lateral bed through a strainer of fine materiaU 
* * * The effluent from the lateral bed should 
then be conducted to a distributing chamber and 
then either to such a filter as Stoddart'Sy « • * 
or by perforated pipes over contact beds, the top 
layers of which for this purpose should be made 
of material from one-fourth to half-inoh in sise, the 
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rest of the bed being of mftterial between one- 
qnarter and three-quarters inch in size. The ejffln- 
ent rising in the effluent chamber should be utilized 
to work the contact beds in rotation by some such 
mechamsm as Cameron's or Adams\ 

' ' It will be noticed that in this case it is suggested 
that single contact beds, in conjunction with the 
septic tank and a lateral bed, are sufficient, but it 
should be understood that a sufficient area of con- 
.tact bed must be provided, under these circum- 
stances, to work with two fillings a day, and thai 
the sewage should be uniformly distributed by per- 
iorated pipes or a Stoddart distributor over the 
Jirhole surface of the contact bed. By such a 
joheme a satisfactory effiuent could be produced, 
jdthough only four or five feet of fall is available at 
-the purification works, and by this means the ex- 
.pense of pumping could be avoided. 

** (6). When it is necessary to pump the sewage, 
advantage should be taken of. this f^t to apply the 
sewage intermittently to the filters by starting and 
stopping the pumps or by working in shifts. To 
■enable this to be done, wherever the engineering 
aspect of the question permits, the sewage should 
Jbe allowed to gravitate through the septic tank or 
JoiiBrobic bed, both of which require a slow, con- 
tinuous movement of the sewage, and it should not 
be pumped until after it has been screened and 
liquefied. The motive power used for pumping 
should be also employed for spraying the sewage 
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«nd making the inienmssions in its application. 
For this reason, if a Shone's ejector is employed to 
lift the sewage, it should also be used to spray the 
sewage over the filter, as is done at Chesterfield. 

''(7). Lastly, coarse storm water filters to work 
at the rate of 500 gallons per superficial yard, must 
be constructed in every case; 180 yards superficial 
being provided for every 1,000 inhabitants." 

SUMMARY. 

The septic tank, although purifying 
sewage to the extent of 25^ to 40^, cannot 
by itself be used for sewage purification, 
but it may be used as preliminary to 
further treatment on contact beds. The 
number of such beds will depend upon the 
degree of purification required — ^f or a very 
high degree there should be three beds, 
but in many cases, the septic tank, fol- 
lowed by passage through one properly 
constructed contact bed, will be sufficient. 

Sewage may also be purified by passing 
it upon bacteria beds, without preliminary 
treatment in a septic tank. 

After a preliminary treatment, whereby 
the solid matters are removed from the 
sewage, the various forms of percolating 
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filters are efficient methods for final treat- 
ment. 

The work of the Royal Commission on 
Sewage Disposal indicates that as a broad 
proposition, effluents from bacterial 
methods of treatment are less efficient 
than effiuents from land processes, or at 
any rate, to make the effluents from bac- 
terial methods equally efficient there must 
be triple filtration, the final filtration being 
through coarse sand. The sewage is 
preferably applied intermittently to such 
a filter. The experiments of the Commis- 
sion show that where suitable land is 
available the land processes are the most 
efficient systems of sewage disposal yet 
devised. 

In England, where there is a smaller 
flow of sewage per capita per day than in 
the United States, a number of bacterial 
plants have been carried out at less ex- 
pense than would be possible for land 
purification processes of an equal degree 
of purification. But in the United States, 
with larger quantity and more dilute sew- 
age, for equal purification, land processes 
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are not likely to be as expensive as the 
bacterial. At any rate, every case needs 
to be studied on its own merits. 

It frequently happens that there is no 
suitable land to be obtained, in which case, 
some form of bacterial purification is per- 
missible. As to just which form, circum- 
stances will determine. 

The bacterial process is exceedingly 
convenient in application, and is likely to 
be a popular method of sewage disposal 
on that account. 
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and folding" diagrams. Illustrated. 8vo, cloth, 
390 pp .77 .net, $6.0O 

BLYTH, A. W., M.R.C.S., F.C.S. Foods: Their 

Composition and Analysis. A Manual for the 
use of Analytical Chemists, with an Introduc- 
tory Essay on the History of Adulterations. 
With numerous tables and illustrations. Fifth 
Edition, thoroughly revised, enlargred and re- 
written. 8vo, cloth .. , , $7.00 

1II.R.C.S., F.C.S., Poisons t Their Effects and 

Detection. A Manual for the use of Analytical 
Chemists and Experts, with an Introductory 
Essay on the Growth of Modern Toxicology. 
New Edition net, $7.50 

BOCKMANN, F. Celluloid; Its Raw Material, 

Manufacture, Properties and Uses. A hand- 
book for manufacturers of celluloid, and cellu- 
loid articles and all industries using* cellulotd, 
$ilso for dentists and teeth specialists. 49 il- 
lustrations. 12mo, cloth, 120 pp.... net, 92.S0 

BODMER, 6. R. Hydrhullc Motors and TVirblnes. 

For the use of Engineers, Manufacturers and 
Students. Third Edition, revised and enlarged. 
With 192 illustrations. 12mo, cloth $5.00 

BOILEAU, J. T. A New and Complete Set of 

Traverse Tables, showing the Difference of 
Latitude and Departure of every minute of the 
Quadrant and to five places of decimals. 8vo, 
cloth «."5.00 

BONNEY, G. E. The Electro-platers' Handbook. 

A Manual for Amateurs and Young Students 
of Electro-metallurgy. 60 illustrations. 12mo, 
cloth il.20 

BOOTH, \V. H. l^^nter Softening: and Treatment* 

Condensing Plant, Feed Pumps, and Heaters 
for Steam Users and Manufacturers. 8vo, 
cloth, illustrated net, $2 .BO 

Sqperheaters and Snperheatlns and Their 

Control. 8vo, cloth, illustrated net, flJM) 

BOTTCHESR. A. Cranes | Their Constrnetlon, Me- 
chanical Equipment and Working:. Translated 
and Supplemented with English American and 
Continental Practice by A. Tolhausen. With 
660 illustrations, 41 tables and 63 folding 
plates. 517 pp., 4to, cloth net, $10,00 

BOTTONEy S. R. Magrnetos for Automobllea. 

How Made and How Used. 34 illustrations. 
12mo, cloth, 88 pp :....net, $1.00 
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BOVRRY, E, Treattoe on Cetwaaie Indnatrles. 

A Complete Manual for Pottery, Tile and Brick 
Works. Translated from the French by Wil- 
ton P. Rix. With 323 figures and Illustrations. 
8vo, cloth, illustrated . . . . ; net, «8 . 60 

BOW, R. H. A Treatise on Bracinjr. "With Its 

application to Bridfires and other Structures of 
Wood or Iron. 156 Tllus. 8vo, cloth ......91.50 

BOWIE, AUG. J., Jr., M.E3. A Practical Treatise 

on Hydraulic Mining in California. With De- 
scription of the tJse and Construction of 
Ditches, Flumes, Wrought-iron Pipes and 
Dams; Flow of Water on Heavy Grades, and 
its Applicability, under High Pressure, to Min- 
ing. Ninth Edition. Small quarto, cloth. Il- 
lustrated $5.00 

BOW^KBR, W^m. R. Dynamo, Motor and St^itch- 

board Circuits. For Electrical Engineers. A 
practical book, dealing with the subjsct of 
Direct, Alternating, and Polyphase Currents. 
With over 100 diagrams and engravings. Sec- 
ond Edition, revised and enlarged. 8vo, cloth. 
net, 92.60 

BOWSKR. E:. a.. Prof. An Elementary Treatise 

on Analytic Geometry. Embracing Plane Ge- 
ometry, and an Introduction to Geometry of 
three Dimensions. Twenty-first Edition. 12mo, 
cloth $1.7B 

An ESlementary Treatise on the Different lal 

and Integral Calculus. With numerous ex- 
amples. Twenty-flrst Edition. Enlarged by 
640 additional examples. 12mo, cloth ...92.2S 

A n Elementary Treatise on Analytic Bledian- 

Ics. With numerous examples. Twentieth Bdi- 
tion. 12mo, cloth 9S.00 

An Elementary Treatise on Hydro-mechan* 

ics. With numerous examples. Fifth Edition. 
12mo, cloth $2.80 

—A Treatise on Roofs and Brldsres. 'Witb 

Numerous Exercises, especially adapted for 
school use. 12mo, cloth. Illustrated, net, $2. 2S 

BOYCOTT, G. IV. M. Compressed Air JUTotki and 

Diving. A handbook for engineers, comprising 
deep water diving and the use of compressed 
air for sinking caissons and cylinders and for 
driving subaqueous tunnels. Illustrated. 8vo, 
cloth, 128 pp net, 94.00 

BRAGG, BD1¥ARD M. Marine BnirlBe Design. 

Illustrated. 12mo, cloth, 160 pp. . . . •••In Press. 
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BRASSBY'S NsTHl Annual for 1909. Bdlted by 

. T. A. Brassey: With numerous fuU-pase dia- 
firrams* half-tone illustrations and tables. 
Twenty- third year of publication. 8vo, cloth, 
illustrated *. net, $6.00 

BRIOHT, CHARLES. The Life Story of Sir 

Charles Tilson Bright. Civil Engineer. With 
which is incorporated "The Story of the At- 
lantic Cable" and "The First Telegraph to In- 
dia and the Colonies." Revised and Abridged 
Edition. Illustrated. 8vo, cloth, 490 pp. 
net, 94JSO 

Brltlsli Standard Sections.. Issued by the Bn- 

gineering Standards Committee, Supported by 
The Institution of Civil Engineers, The Insti- 
tution of Mechanical Engineers, ' The Institu- 
tion of Naval Architects, The Iron and Steel 
Institute, and The Institution of Electrical 
Engineers. Comprising 9 plates of diagrams, 
with letter-press and tables. Oblong pam- 
phlet, 8%xl5 91.00 

BROWN, SIR HANBURT, K.O.M.G. Irrlgatlont 

Its Principles and Practice as a Branch of 
Engineering. 8vo, cloth, 301 pp. Illus., net, 95.00 

— — HTM. N. The Art of Enamelling on 

Metal. With figures and illustrations. 12mo, 
cloth. Illustrated net, 91.00 

Handbook on Japanning and Enamelling, for 

Cycles, Bedsteads, Tinware, etc 12mo, cloth, 
illustrated net, 91.B0 

^— -Honae Decorating and Painting. "With Nn- 

merous illustrations. 12mo, cloth, net,91*00 

-^i-Hlstory of DecoratiTe Art. Wltb Designs 

and Illustrations. 12mo, cloth net, 91*25 

-*— >Principle and Practice of Dipping, Burnish- 
ing, Lacquering and Bronzing Brass Ware. 
12mo, cloth net, 91.00 

—— Workshop Wrinkles for Deeoratora, Paint- 
ers, Paper-Hangars and Others. 8vo, doth. 
net, 91*00 

BRUCE, B. M- Prof. Pare Food Teatst the De- 
tection of the Common Adulterants of Foods 
by Simple Qualitative Tests. A ready manual 
for Physicians, Health Officers, Food Inspect- 
ors, Chemistry Teachers, and all especially 
interested in the Inspection of Food. 12mo, 
cloth* illustrated • not. 
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BRUHNS, Dr. New Hanval of Y«offaHtluB> to 

Seven Places of pecimals. Seventh Edition. 
8vo,. half morocco .....' 92.50 

BRUXXER, R. Manufacture of linbrlcaats, Shoe 

Polishes and Leather Dressinsrs. Containing 
instructions for the preparation* of all kinds 
of lubricants, such as axle and machinery 
srreases, oils for lubricatinsr sewing: machines, 
and other working: machinery, mineral lubri- 
cating: oils, clockmakers' oils, as well as shoe 
polishes, leather varnishes, dressing:s for all 
kinds of leather and degras. Translated from 
the Sixth (enlarged) German edition by Chas. 
Salter. 8vo. cloth, illustrated net, fS.OO 

BUIiMAN, H. F., and RE3DMAYNB, R. S. A. Col- 
liery Working: and Manag:ement; comprising: 
the duties of a colliery manager, the superin- 
tendence and arrangement of Tabor and wages, 
and the dilTerent systems of working coal- 
seams. With engravings, diagnrams, and ta- 
bles. Second Edition, revised and enlarged. 
8vo, cloth, illustrated net, 96.00 

BURGH, N. P. Modem Marine Eaglneerlng» Ap- 
plied to Paddle and Screw Propulsion. Con- 
sisting of 36 colored plates, 269 practical 
woodcut illustrations and 403 pages of descrip- 
tive matter. The whole being an exposition 
of the present practice of James Watt & Co., 
J. & G. Rennie, R. Napier & Sons, and other 
celebrated firms. Thick quarto, half morocco. 
910.00 

BURT, "W. A. Key to the Solar Compass, and 

Surveyor's Companion. Comprising all the 
rules necessary for use in the field; also de- 
scription of the Linear Surveys and Public 
Land System of the United States, Notes on 
the Barometer, Suggestions for an Outfit for 
a Survey of Four Months, etc. Eighth Edition. 
Pocket size, full leather 92.S0 

BUSKETT, E. "W. Fire Assaying! a Practical 

Treatise on the Fire Assaying of Gold, Silver, 
and Lead, including descriptions of the appli- 
ances used. 12mo, cloth, illus., 105 pp., net; 91«2B 

CAIN, "W.f Prof. Brief Course In the Calcnliu. 

With figures and diagrams. 8vo, cloth. Illus- 
trated net, 91.75 



of Steel-eonerete Arches and of 

Vaulted Structures. Fifth Edition, revised and 
enlarged. 16mo, cloth, illustrated. (Van Noa- 
trand Scienco Series) 90. 
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CAMPINf F. On the Constmctloii of Iron Roofs. 

A Theoretical an^ Practical Treatise, with 
woodcuts and plates of roofs recently execu- 
ted. 8vo, cloth $2.00 

CARPSSNTER, Prof. R. C, and DIB3DRRIGHS, 

Prof. H. Internal Combustion Engines. With 
figures and diagrrams. 8vo, cloth, illustrated. 
net, $4-00 

CARTRRy R. T. Motive Power and Gearinir for 

Electrical Machinery. A treatise on the Theory 
and Practice of the MechaQical Equipment of 
Power Stations for Electrical Supply and for 
Electric Traction. Second Edition, revised in 
part by G. Thomas-Davies. 8vo, cloth, illus- 
trated 9S*00 

CATHCART, Wm. L., Prof. Machine Design. 

Part I. Fastenings. Svo, cloth, illustrated. 
net, $3.00 

ii liOnm of Heat from Steam Pipes. Sro* cIoth» 
illustrated In Press. 

a nd CHAFFER, J. I. Course of Graphle 

Statics Applied to Mechanical Engineering. 
Svo, cloth. Illus In Press. 

CAVEBT, R. M.. and liANDRR, O. D. Systematle 

Inorganic Chemistry from the Standpoint of 
the Periodic Law. A text-book for advanced 
students. 374 pp., illustrated, 12mo, cloth. • 
net, 99.00 

CHAMRERS* MATHEMATICAL TARLES, con- 
sisting of Logarithms of Numbers 1 to 108.000, 
Trigonometrical, Nautical and other Tables. 
New Edition. Svo, cloth $1.75 

CHARNOCK, O. F. "Workshlp Practice. 8to» 

cloth. (Van Nostrand's Westminster Series.) 
. . . . « In Press. 

CHARPENTIERf P. Timber.. A Comprehensive 

Study of Wood in all its Aspects, Commercial 
and Botanical. Showing the Different Appli- 
cations and Uses of Timber in Various Trades, 
etc. Translated into English. Svo, cloth, 
illus net, $6.00 

CHATLEYy H. Principles and Deslc:ps of Aero- 
planes, with 5 folding plates. 12mo, cloth, il- 
lustrated In Press. 

CHILD, C. T. The How and l¥hy of Electricity. 

A Book of Information for non-technical read- 
ers, treating of the Properties of Electricity, 
and how it is generated, handled, controlled, 
measured and set to work. Also explaining 
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the operation of Electrical Apparatus. 8vo, 
cloth, llluf^trated , $1.00 

CHRISTIES, TV. W. Boiler-waters, Scale, Corro- 
sion, Foaming:. 8vo, cloth, illustrated, net, $3.00 

Chimney Desisn and Theory. A Book for 

Engineers and Architects, with numerous half- 
tone illustrations and plates of famous chim- 
neys. Second Edition, revised. 8vo, cloth, $8.00 

— •Furnace Draft: its Production by Mechanical 

Methods. A Handy Reference Book, with fig- 
ures and tables. 16mo, cloth, illustrated. (Van 
Nostrand's Science Series) .$0 60 

CHURCH'S LABORATORY GUIDES: a Manual of 

Practical Chemistry for Colleges and Schools, 
specially arranged for Agricultural Students. 
Eighth Edition, revised and party rewrittm 
by Edward Kinch, F.I.C. 8vo, cloth, illustrated. 
349 pp ^ net, $2.60 

CIjAPPBRTON, G. Practical Paper-making. A 

Manual for Paper-makers and Owners and 
Managers of Paper Mills, to which is appended 
useful tables, calculations, data, etc., with il- 
lustrations reproduced from micro-photo- 
graphs. Second Edition, revised and enlarged. 
8vo, cloth, illustrated, 226 pp net, $2.50 

CliARK, C. H. Marine Gas BnslneSf Their Com- 

struction and Management ,. . .In Press. 

D. K., C. £3. A Manual of Rules, Tables 

and Data for Mechanical Engineers. Based on 
the most recent investigations. Illustrated 
with numerous diagrams. 1012 pages. 8vo, 
cloth. Sixth Edition $5.00 

Fuel: its Combustion and E2conomy$ consist- 
ing of abridgments of Treatise on the Com- 
bustion of Coal. By C. W. Williams, and the 
Economy of Fuel, by T. §. Prldeaux. With ex- 
tensive additions in recent practice In the 
Combustion and Economy of Fuel, Coal, Coke, 
Wood, Peat, Petroleum, etc. Fourth Edition. 
12mo, cloth • $1.S0 

The Mechanical Engineer's Pocket-book of * 

Tables, Formulae, Rules and Data. A Handy 
Book of Reference for Daily Use in Engineer- 
ing Practice. 12mo, cloth. Sixth Edition, 
carefully resised throughout $2.00 

i'ramivays: Their Construction and "Working. 

Embracing a comprehensive history of the 
system, with accounts of the various modes of 
traction, a description of the varieties of roll- 
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ln$ stock, and ample details of Cost and 
"Workingr Expenses. Second Edition, rewritten 
and greatly enlarged, with upwards of 400 il- 
lustrations. Thick 8vo. cloth f7.60 

J» M. NevF System of Laylns Oat Railway 

Turnouts instantly, by inspection from tables. 
12mo, cloth 91.00 

CliAUSBX-THUES, "W. The ABC VniTersal 

Commercial Electric Telegraphic Code; spe- 
cially adapted for the use of Financiers, Mer- 
chants, Ship-owners, Brokers, Agents, etc. 

Fourth Edition. 8vo, cloth $5.00 

Fifth Edition of same $7.00 

T he A 1 Unlvernal Commerctal EUectrIc Tele- 
graphic Code. Over 1240 pages and nearly 
90,000 variations. 8vo, cloth 97.50 

CliBEJMANN, T. M. The RaUroad Bnglneer'a 

Practice. Being a Short but Complete De- 
scription of the Duties of the Young Engineer 
in Preliminary ahd Location Surveys and In 
Construction. Fourth Edition, revised and 
enlarged. Illustrated. 12mo, cloth ....91* 60 

CliEVENGBR, S. R. A Treatise on the Method 

of Government Surveying as prescribed by the 
U. S. Congress and Commissioner of the Gen- 
eral Land Office, with complete Mathematical, 
Astronomical, and Practical Instructions for 
the use of the United States Surveyors in the 
field. 16mo, morocco 92 .50 

CliOUTH. F. Rubber, Gvtta-Pereha, and Balata. 

First English Translation with Additions and 
Emendations by the Author. With numerous 
figures, tables, diagrams, and folding plates. 
Svo, cloth, illustrated net, 95.00 

COFFIN9 J. H. C.9 Prof. Navigation and Nautical 

Astronomy. Prepared for the use of the U. S. 
Naval Academy. New Edition. Revised by 
Commander Charles Belknap. 62 woodcut il- 
lustrations. 12mo, cloth net, 98.50 

COLB« R. 9»9 1II.A. A Treatise on Photographic 

Optics. Being an account of the Principles of 
Optics, so far as they apply to photography, 
ifmo, cloth, 108 illus. and folding plates, 92.50 

COLBS-FINGH, "W. IVater, Its Origin and Use. 

Elaborately illustrated. Svo, cloth, 640 pp. 
net, 95.00 

COIililNS, J. B. The Private Book of Useful 

Alloys and Memoranda for Goldsmiths, Jewel- 
•n, ote. ISmo, oloth 90.50 
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The Steam Turbine | or the Hew BIb- 
grine. 8vo, cloth, illustrated In Preas. 

COIiVIKTy FRBSD H. American Compound Loeo- 

motives. 8vo, cloth fl.QO 

Motions, lilnks. Valves and Valve Setting. 
Pocket size $0.60 

P ocketbook. The Railroad* A quick refer- 
ence Cyclopedia of Railroad information. $1.00 

apers, Tnmlnff and Borlnir* Pamphlet. fO.25 

— »nd CHBNBT. W. li. Arithmetic, Machine 

Shop. 4th ed. I^ocket size .fO.SO 

— Arithmetic, E2nelneera. Pocket Book con- 
taining the foundation principles involved in 
making: such calculations as come into the 
practical work of the Stationary "Engin- 
eer. 90.60 

md STABBIi. Threada and Thread Cnttlnir. 

Pamphlet $0.26 

COMPTON, Prof. A. 6. Bnfflne Ijathes. Illna- 

trated. 8vo, cloth In Press. 

COOPBR, 'W, R., M.A. Primary Batteries s. Their 

Construction and Use. With numerous flgrures 
and diagrams. 8vo, cloth, illustrated, net, $4.00 

—^MThe Blectriclan'^ Primers; belnir a aeries of 

helpful Primers on Electrical Subjects for the 
use of Students, Pupils, Artisans, and Gtoneral 
Readers. Three volumes ^complete in one. 
Thick 8vo, cloth, illustrated $6.00 

COPPBRTdanrAITBy Wnu C. Tnnnel Shldda, and 

the Use of Compressed Air in Subaqueous 
Works. With numerous dia^rrams and flffures. 
4 to, cloth, illustrated net, $9.00 

COREiYy H. T. "Waiter Supply Bnfflneerins. Il- 
lustrated. .In Press. 

CaRN'WAIili, H. B., Prof. Manual of Blow-pipe 

Analysis, Qualitative and Quantitative. With 
a Complete System of Determinative Mineral- 
ogry. 8vo, cloth, with many illustrations, $2.60 

COWBLIiy 'W, B, Pure Air, Oaone and Water. A 

Practical Treatise of their Utilization and 
Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. With tables and figures. 
12mo, cloth. Illustrated ......net, $2.00 

CRANSI9 W. SS. Badneerins, American Station- 
ary. Sto, oloth $2.00 
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CROCKER, F. Rm Prof. BUcctrie Ushtins* A 

Practical Exposition of the Art. For use of 
Engineers, Students, and others interested in 
the Installation or Operation of Electrical 
Plants. Vol. I. The Generating Plant. New 
Edition, thoroughly revised and rewritten. 

8vo, cloth, illustrated $3.00 

Vol. II. Distributing Systems and Lamps. 
Fifth Edition. 8vo, cloth, illustrated ..$8.00 

CR0CK£R, F. B^ and ARBNDT, H. Electrfe Mo- 
tors, Their Action, Control and Application. 
Illustrated. 8vo, cloth In Press. 



• 



a nd WHEELER, S. S. The Management 

of Electrical Machinery. Being a thoroughly 
revised and rewritten edition of the authors' 
"Practical Management of Dynamos and Mo- 
tors." 12mo, cloth, illustrated net, $1.00 

CROSS, C. F., BEVAN, E. J., and SINDAIiL, R. 1¥. 

Wood Pulp and Its Applications. 8vo, cloth. 
(Van Nostrand's Westminster Series). In Press. 

CROSSKEY, lu R. Elementary FersDectives Ar- 
ranged to meet the requirements oi Architects 
and Draughtsmen, and of Art Students pre- 

Saring for the elementary examination of the 
cientse and Art Department, South Kensing- 
ton. With numerous full-page plates and dia- 
grams. 8vo, cloth, illustrated fl.OO 

a nd THAW. J. Advanced Perspeetlve. in- 
volving the Drawing of Objects when placed 
in Oblique Positions, Shadows and Reflections. 
Arranged to meet the requirements of Archi- 
tects. Draughtsmen, and Students preparing 
for the Perspective Examination of the Educa- 
tion Department. With numerous full-page 
plates and diagrams. 8vo, cloth, illus. $1.50 

DALBY, H. A. Train Rules and Despatching. 

Leather. Pocket size fl.oO 

DATENPOII.T, C. The Book. Its History «nd 

Development. 268 pp. Illustrated. 8vo,' cloth. 
net, $2.00 

DAVIES, E. H. Machinery for Metalllferons 

Mines. A Practical Treatise for Mining En- 
gineers, Metallurgists and Managers of Mines, 
with upwards of 400 illustrations. Second 
Edition, rewritten and enlarged. 8vo, cloth. 
net, 98.00 

— D. C. A Treatise on Metalilferons Minerals 

and Mining. Sixth Edition, thoroughly revised 
and much enlarged by his son. 8vo, cloth. 
...net, 95.00 
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F . H. Blectrlc PoTrer and Traction. 203 pp. 

8vo, cloth net, 92.00 

DAY, C. The Indicator and Ita Diagrams. l¥ith 

Chanters on Engine and Boiler Testingr; in- 
cluding:' a Table of Piston Constants compiled 
by W. H. Fowler. 12mo, cloth. 125 illustra- 
tions %..$2.00 

DEITE, Dr, C. Mannal of Soapmalcins> Inclvd- 

ingr medicated soaps, stain-removing soaps, 
t metal polishing soaps, soap powders and de- 
tergents. With a treatise on perfumes for 
scented soaps, and their production and tests 
for purity and strength. Edited from the text 
of numerous experts. Translated from tha 
original by S. I. King, F.C.9. 4to, cloth, il- 
lustrated net, $5 . 00 

DES liA COUX, H. Tlic Industrial Uses of Water. 

With numerous tables, figures, and diagrams. 
Translated from the French and revised by 
Arthur Morris. 8vo, cloth net, $4.50 

DEiIi MAR, W. A. Silectric Power Conductors. 

69 illustrations. 8vo, cloth, 330 pp.. net, 92.00 

DENNY, G. A. Deep-level Mines of the Rand, 

and their future development, considered from 
the commercial point of view. With folding 
plates, diagrams, and tables. 4 to, cloth, il- 
lustrated : net, 910.00 

DERR, W. li. Block Signal Operation. A Prac- 
tical Manual. Pocket Size. Oblong, cloth. 
New Edition, rewritten and greatly enlarged. 
$1.50 

DIBDIN, 'W. J. Public Lighting by Gas and 

Electricity. With tables, diagrams, engravings 
and full-page plates. Svo, cloth, illustrated. 
net, $8.00 

^— Purification of Sewage and liVater. W^ith 

tables, engravings, and folding plates. Third 
Edition, revised and enlarged. Svo, cloth, il- 
lus. and numerous folding plates $6.50 

DIETERICH, K. Analysis of Resins, Balsams, 

and Gum Resins: their Chemistry and Pharma- 
cognosis. For the use of the Scientific and 
Technical Research Chemist. With a Bibliog- 
raphy. Translated from the German, by Chas. 
Salter. Svo, cloth net, $3.00 

DINGER, H. C, liieut., U.S.N. Handbook for the 

Care and Operation of Naval Machinery. 12mo. 
cloth, illustrated net. $2.00 

DIXON, D. B. The Machinist's and Steam En- 
gineer's Pracrtlcal Calculator. A Gonrpllatlon 
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of Useful Rules and Problems arithmetically 
solved, togrether with General Information ap- 
plicable to Shop-tools, Mill-grearingr, Pulleys 
and Shafts, Steam-boilers and Engrines. Em- 
bracing valuable Tables and Instructions in 
Screw-cuttingr, Valve and Link Motion, etc. 
Fourth Edition. 16mo, full morocco, pocket; 
form* $1 .25. 

DOBLES, TV. A. Power Plant Construction on the 

Pacific Coast In Press. 

DODD. Geo. Dictionary of Manufactures, Min- 
ing^, Machinery, and the Industrial Arts. 12mo, 
cloth $1.50 

DORR, B. F. The Surveyor's Guide and Pocket 

Table-book. Fifth Edition, thorougrhly revised 
and grreatly extended. With a second appendix 
up to date. l€mo, morocco flaps $2.00 

DRAPER, C. H. An Elementary Text-book of 

Ligrht, Heat and Sound, with Numerous Ex- 
amples. Fourth Edition. 12mo, cloth, illus- 
trated $1.00 

H eat and the Principles of Thermo-dynam- 

ics. With many Illustrations and numerical 
examples. 12mo, cloth $1.50 

DUCK^IVALL, E. W. Canning: and Preservinff of 

Food Products with Bacteriologrlcal Technique. 
A practical and scientific handbook for Manu- 
facturers of Food Products, Bacteriologrists, 
Chemists, and Students of Food Problems. 
Also for Processors and Managrers of Food 
Product Manufactories. With figures, tables, 
and half-tones. 8vo, cloth, illustrated. 
net, $5.00 

DUTHIE, A. L. Decorative Glass Processes. 88 

illustrations, 8vo, cloth, 279 pp. (Van Nos- 
trand's Westminster Series.) net, $2.00 

DYSON, S. S. Practical Testingr of Raw Mater- 
ials. A Concise Handbook for Manufacturers, 
Merchants, and Users of Chemicals, Oils, Fuels, 
Gas Residuals and By-Products, and Paper- 
maklngr Materials, with Chapters on Water 
Analysis and the Testing of Trade Effluents. 
8vo, cloth, illustrations, 177 pages, net, $5.00 

ECCL.es, R. G. (Dr.), and DUCKTITALL, E. IV. 

Food Preservatives: their Advantages and 
Proper Use; The Practical versus the Theo- 
retical Side of the Pure Food Problem. 8vo, 

paper • ...fO.BO 

Cloth il.M 
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EDDY, H. T., Prof. ' Researches In Graphical 

Statics. Embraclns: New Constructions in 
Graphical Statics, a New General Method in 
Graphical Statics, and the Theory of Internal 
Stress in Graphical Statics. 8yo, cloth, 91.80 

Maxlmmn Stresses nnder Concentrated 

Loads. Treated grraphically. Illustrated. Svo, 
cloth $1.50 

SDGCUMBE:^ K. industrial Blectrleal Measur- 
ing: Instruments. 126 illustrations. 247 pp., 
Svo, cloth • net, «2aMr 

e:iS$LE:r, M. The Metallnrsy of Gold. A Prac- 
tical Treatise on the Metallurgrical Treatment 
of Gold-bearing: Ores, including: the Processes 
of Concentration and Chlorination, and the As- 
saying, Melting: and Refining: of Gold. Fifth 
Edition, revised and greatly enlarged. Over 
300 illustrations and numerous folding plates. 
Svo, cloth •. 97.50 

T he Hydro-Metallnrg^y of Copper. Being an 

Account of processes adopted in the Hydro- 
metallurgical Treatment of Cupriferous Ores, 
including the Manufacture of Copper Vitriol. 
With chapters on the sources of supply of 
Copper and the Roasting of Copper Ores. With 
numerous diagrrams and figures. Svo, cloth, 
illustrated net, 94.50 

T he Metallnrgy of Silver. A Practical 

Treatise on the Amalgamation, Roasting and 
Liixiviation of Silver Ores, including the As- 
saying, Melting and Refining of Silver Bullion. 
Illustrated. Second Edition, enlarged. Svo, 
cloth 94.00 

T he MetalluN:7 of Argentiferous licad. A 

Practical Treatise on the Smelting of Silver- 
Lead Ores and the Refining of Lead Bullion. 
Including Reports on Various Smelting Estab- 
lishments and Descriptions of Modern Smelt- 
ing Furnaces and Plants in Europe and Amer- 
ica. Illustrated. Svo, cloth 9B.00 

Cyanide Process for the Extraction of Gold 

and its Practical Application on the Witwat- 
ersrand Gold Fields in South Africa. Third 
Edition, revised and enlarged. Illustrations 
and folding plates. Svo, cloth 98.00 

A Handbook on Modem Explosives. Being a 

Practical Treatise on the Manufacture and Use 
of Dynamite, Gun-cotton, Nitroglycerine, and 
other Explosive Compounds, including the 
manufacture of Collodion-cotton, with chap- 
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ters on Explosives in Practical Application. 
Second Edition, enlarged with 150 illustrations. 
12mo, cloth 9&.00' 

EKIN, T. C. Water Pipe iind Sewage Discharge 

Diagrams. 5 large folding plates. Folio, cloth, 
24 pp net, 93»0O 

E2LIOT, C. W., and STORER, F. H. A Compen- 
dious Manual of Qualitative Chemical Analy- 
sis. Revised with the co-operation of the au- 
thors, by Prof. William R. Nichols. Illustrated. 
Twentieth Edition, newly revised by Prof. W. 
B. Lindsay. 12mo, cloth net, 91.*25 

EIiIiIOTy G. H., Ma J. European lilght-honse 

Systems. .Being a Report of a Tour of Inspec- 
tion made in 1873. 51 engravings and 21 
woodcuts. 8vo, cloth 95.00 

ENGSTROM, D. A. Tables, Bevel Gear. A col- 
lection of Tables to enable anyone to figure 
bevel gears without the use of Trigonometry. 
Cloth 91.00 

ENNIS, liVM, D., Prof. (Polytechnic Institute 

Brooklyn). Linseed Oil and Other Seed Oils. 
An Industrial Manual. 8vo, cloth, illustrated. 
net, 94.00 

A pplied Thermodynanilca. 8to» doth, tllas- 

trated .In Press. 

ERFURT, J. Dyelnsr of Paper Pulp. A Practical 

Treatise for the use of paper-makers, paper- 
stainers, students and others. With illustra- 
tions and 167 patterns of paper dyed in the 
pulp, with formulas for eacn. Translated into 
English and edited, with additions, by Julius 
Hubner, F.C.S. 8vo, cloth, illustrated, net, 97.50 

ERSKINE-MURRAY. JAIHES. A Handbook of 

Wireless Telegraphy: Its Theory and Practice. 

. For the use of Electrical Engineers, Students, 

and Operators. Second Edition, Revised and 

Enlarged. 8 vo, cloth. Illustrated. .. .net, 98.60 

EVANS, C. A. Macadamlacd Roadai Their Con- 
struction and Maintenance. net, 92.00 

EWING, A. J., Prof. The Magnetic Induction In 

Iron and other metals. Third Edition, revised. 
159 illustrations. 8vo, cloth 94.00 

FAIRIE. J.. F.G.S. Notes on Lead Ores: Their 

Distribution and Properties. 12mo, cloth, 91.00 

Notes on Pottery Clays: The Distribution, 

Properties, Uses and Analysis of Ball Clavs, 
China Clays and China Stone. With tables 
and formulae. 12mo, cloth 91.50 
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FANNING, J. T. A Practical Treatise on Hy- 
draulic and Water-supply Engrlneerlng. Re- 
lating to the Hydrology, Hydro-dynamics and 
Practical Construction of Water-works in 
North America. 180 illus. 8vo, cloth. Six- 
teenth Edition, revised, enlarged, and new 
tables and illustrations added. 650 pp, 95.60 

FAUTH, P. The Moon In Modem AatroaoiAy. 

A summary of twenty years selenographic 
work and a study of recent problems. Trans- 
lated by Joseph MeCabe, with an introduction 
by J. E. Gore. 66 illustrations. 8vo, cloth, 
160 pp net, 92.00 

FAY, I. \l^., Prof. (Polytechnic Inst. Brooklyn). 

The Coal-tar Colors: Their Origin and Chem- 
istry. 8vo, cloth, illustrated* In Press. 

FERNBACH, R. Ii. Glue and. Gelatine; a Prac- 
tical Treatise on the Methods of Testing and 
Use. 8vo» cloth net, fS.OO 

FISH« J. C. Ii. Lettering of Working Drawinss* 

Thirteen plates, with descriptive text Oblong, 
9x12^, boards 91.00 

FISHER, H. K. C, and DARBY, TV. C. Students' 

Guide to Submarine Cable Testing. Third 
(new and enlarged) Edition. 8vo, cloth, illus- 
trated .98.50 

— — -W. C. The Potentiometer and its adjuncts. 

8vo, cloth 92.25 

FISKE, B. A., Lieut., U.S.N. Electricity in The- 
ory and Practice; or, The Elements of Electri- 
cal Engineering. Eighth Edition. Svo, cloth. 
92 . 60 

FliEISCHMANN, W. The Book of the Dairy. A 

Manual of the Science and Practice of Dairy 
Work. Translated from the German, by C. 
M. Aikman and R. Patrick Wright. 8vo, cloth 
94.00 

FliEMING, J. A., Prof. The Alternate-current 

Transformer in Theory and Practice. Vol. I., 
The Induction of Electric Currents; 611 pages. 
New Edition, illustrated. 8vo, cloth, 95.00 
Vol. XL, The Utilization of Induced Currents. 
Illustrated. Svo, cloth 95.00 

Centenary of the Electrical Current, 1790- 

1899. 8vo, paper, illustrated .90.50 

Electric Lamps and Electric Iiivhtinr. Be- 
ing a course of four lectures delivered at the 
Royal Institution, April-May, 1894. Svo, cloth, 
fully illustrated ...« 98.00 
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E lectrical Laboratory Notes and Forma, Ele- 
mentary and Advanced. 4to, cloth, illustrated. 
i $6.00 

A Handbook for the Electrical Laboratory 

and Testing Room. 2 volumes. 8vo, cloth. 
net, lis. 00 

FliElTRY, H. Tbe Calcnlns IVlthoat Limits or 

Infiinitesimals. Translated by C. O. Mailloux. 
In Press. 

FOLEY, N.. and PRAY, Thos., Jr. The Mechani- 
cal Ensrineers' Reference Book for Machine 
and Boiler Construction, in two_parts. Part 1 
— General Engrineeringr Data. Part 2 — ^Boiler 
Construction. With 51 plates and numerous 
illustrations, ^ecially drawn for this work. 
Folio, half morocco. New Edition ...In Presa. 

FOSTER, H. A. Electrical Engrlneers' Pocket- 
book. With the Collaboration of Eminent 
Specialists. A handbook of useful data for 
Electricians and Electrical Engrineers. With 
innumerable tables, diagrams, and flsrures. 
New, Revised and Greatly Enlarged Edition 
size, leather, fully illustrated with extensive 
index and thumb index. 1636 pasres f6.00 

J. G., Gen«, U.S.A. Submarine Blastine In 

Boston Harbor* Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 
plates. 4to, cloth $3.50 

FO'WLE, F. F. The Protection of RaUroads from 

Overhead Transmission Line Crossingrs. 86 Il- 
lustrations. 12mo, cloth, 76 pp net, $1UM> 



Solution of Altematlngr Current Prob- 
lems by Complex Imaginary Quantities. With 
numerous examples. Illustrated. 8vo, doth. 
In Press. 

FOX, Wm., and THOHAS, C. W., M.E. A Practl- 

- cal Course in Mechanical Drawing. Third Edi- 
tion, revised. 12mo, cloth, with plates, $1.25 

FRANCIS, J. B., C.E. Lowell Hydraulic Experi- 
ments. Being: a selection from experiments on 
Hy draulic Motors on the Flow of Water over 
Weirs, in Open Canals of uniform rectangrular 
section, and througrh submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. 
Fifth Edition, revised and enlarged, with 
many new experiments, and illustrated with 
23 copper-plate engravings. 4 to, cloth, 915.00 

FULLER, G. W. Report on the Investigations 

into the Purification of the Ohio River at 
Louisville. Kentucky, made to the President 
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and Directors of the Louisville Water Com- 
pany. Published under agreement with the 
Directorsi 3 fuUrpage plates. 4to, cloth. 
net, 910.00 

FURNBLIi, j. Students' Manual of Faints, Col- 
ors, Oils and Varnishes. 8vo, cloth, illus- 
trated net, 91.00 

GANT9 Ij. IV. XSlements of Bleetrie Tmetlon, for 

Motormen and Others. 8vo, cloth. Illustrated. 
217 pp., London, 1907 net, 92.60 

GARCKE:, E.. and FEILLS, J. M. Faetorr Ac 

counts: their principles and practice. A hand- 
book for accountants and manufacturers, with 
appendices on the nomenclature of machine 
details, the rating: of factories, fire and boiler 
insurance, the factory and workshop acts, 
etc., Including: also a lars:e number of specimen 
ruling:s.. Fifth Edition, revised and extended. 
8vo, cloth, illustrated 98.00 

GARFORTH, IV. E. Snevested Rules for Reeov- 

erlng* Coal Mines after Explosions and Fires. 
4 folding: plates. 12mo, leather, 71 pp. 
net, 91«S0 

GARNER, B. Leather. 8vo, cloth. (Van Nos- 

trand's Westminster Series.) In Press. 

GEIKIE, J. Structural and Field GeoloSTs^for 

Students of Pure and Applied Science, with 
figures, diagrams, and half-tone plates. 8vo, 
cloth, illustrated , net, 94.00 

GERBER, N. Chemical and Physical Analysis 

of Milk, Condensed Milk, and Infants' Milk- 
Food. 8vo, cloth 91.25 

GERHARD, Wm. P. Sanitation, "Water-supply 

and Sewage Disposal of Country Houses. 
12mo, cloth. Illustrated, 348 pages.. net, 92.00 

GERHARDI, C. W. H. Electricity Meters; Their 

Construction and Management. A Practical 
Manual for Central Station Engineers, Distri- 
bution Engineers, and Students. With tables 
and 215 figures and diagrams. 8vo, cloth, 11- 
lus net, 94.00 

GESCHWIND, L. Manufacture of Alum and Sul- 
phates, and other Salts of Alumina and Iron; 
their uses and applications as mordants in 
dyeing and calico printing, and their other 
applications in the Arts, Manufactures, Sani- 
tary Engineering, Agriculture and Horticul- 
ture. Translated from the French by Charles 
Salter. With tables, figures and diagrains. 
8vo. cloth, illustrated ,....not. 98*^ 
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«IBBS, 'W. B. IjlghtinK by Acetylene, Generat- 
ors, Burners and Electric Furnaces. With 
66 illustrations. Second vEdition, revised. 12mo, 
cloth n.50 

Phygtcg of Solids and Fluids. (Carnegrle 

Technical School's Text Books.) In Press. 

GIBSON, A. H. Hydraulics and its Application. 

310 illustrations. 8vo, cloth, 757 pp.. net, fS.oa 

-p-Water Hammer in Hydraulic t*ipe Iiines. U- 

lustrated. 12mo, cloth, 65 pp net, 92.00 

GIliLiMORE, Q. A.t Gen. Treatise on Limes, Hy- 
draulic Cements and Mortars. Papers on Prac- 
tical Engineering:, United States Engineer De- 
partment, No. 9, containing Reports of numer- 
ous Experiments conducted in New York City 
during the years 1858 to 1861, inclusive. With 
numerous illustrations. 8vo, cloth $4.00 

Prnctical Treatise on tlie Construction of 

lloads. Streets and Pavements. Tenth Edi- 
tion. With 70 illustrations. 12mo, cloth, $2.00 

GOLDING, H. A. The Tlieta-Phl Diagram. Prac- 
tically Applied to Steam, Gas, Oil and Air En- 
gines. Second Edition, revised and enlarged. 
12mo, cloth, illustrated net, $1.25 

GOODCHIIiD, W. Precious Stones. TVith a 

Chapter on Artificial Stones, by Robert Dykes. 
309 pp., 8vo, cloth $2.00 

GOODEVB, T. M. A Text-book on tlie Steam- 
engine. With a Supplement on Gas-engines. 
Twelfth Edition, enlarged. 143 illustrations. 
12mo, cloth $2.00 

gore:, G.. F.R.S. The Art of Electrolytic Sep- 
aration of Metals, etc. (Theoretical and Prac- 
tical.) Illustrated. 8vo, cloth $3.50 

GOUliD, E. S. The Arithmetic of the Steam- 
engine. 8vo, cloth $1.00 

— -^Practical Hydrostatics and Hydrostatic For- 
mulas. With numerous figures and diagrams. 
(Van Nostrand's Science Series.) 16mo, cloth, 
illustrated, 114 pp $0.50 

GRANT, J. Brewing and Distillinar. 8to, cloth. 

(Van Nostrand's Westminster Series.) .In Press. 

GRAY. J., B.Sc. Slectrlcal Influence Machines t 

Their Historical Development, and Modern 
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Forms, with Instructions for making: them. 
With numerous figures and diagrams. Second 
Edition, revised and enlarged. 12mo, cloth, 
illus., 296 pp $2.00 

GREBirwOOD, E:. Classlfled Guide to Technical 

and Commercial Books. Subject List of Prin- 
cipal British and American Works In print. 
8vo, cloth .net, $8.00 

GRIFFITHS, A. B., Ph.D. A Treatise on Man- 
ures, or the Philosophy of Manuring, A Prac- 
tical Handbook for the Agriculturist, Manu- 
facturer, and Student. 12mo, cloth ....$8.00 

Dental Metallurgy. A Manual for Students 

and Dentists. 8vo, cloth, illustrated, 208 pp. 
net, 93.50 

GROSS, Ei. Hops, in their Botanical, Agricultur- 
al and Technical Aspect, and as an article of 
Commerce. Translated from the German by 
Charles Salter. With tables, diagrams, and 
illustrations. 8vo, cloth, illustrated, net, $4.50 

GROSSMAN, J. Ammonia, and Its Compounds. 

With tables and figures. 12mo, cloth, illus- 
trated net, $1.26 

GROTH, li. A. Welding and Cutting Metals by 

Aid of Gases or Electricity. 124 Illustrations. 
• 8vo, cloth, 280 pp net, $3.00 

GROVER, F. Practical Treatise on Modern Gas 

and Oil Engines. 8vo, cloth. Illustrated. 
net, $3.00 

GRUNER, A. Power-loom Weaving and Yam 

Numbering, according to various systems, with 
conversion tables. An auxiliary and text-book 
for pupils of weaving schools, as well as for 
self-instruction, and for general use by those 
engaged In the weaving industry. Illustrated 
with colored diagrams. 8vo, cloth, net, 93.00 

GUL.DXER (VON) HUGO, The Design and Con- 
struction of Internal Combustion Engines. 
Translated and revised by Prof. H. Dleder- 
ichs and F. E. Junge. 8vo, cloth. 800 pp. Il- 
lustrated. In Press. 

GUNTHER, C. O., Prof. Integration by Trigono- 
metric and Imaginary Substitution. With an 
Introduction by J. Burkitt Webb. 12mo, cloth. 
Illustrated net, $1.2S 

6URDEN, R« li. Traverse Tables t Computed to 

Four places, Decimals for every single minute 
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of angle up to 100 of Distance. For the use 
of Surveyors and Engrineers. New Edition. 
Folio, half morocco $7.60 

GUY, A. E, Experiments on the Flexure of 

Beams, resulting in the Discovery of New 
Laws of Failure by Buckling:. Reprinted from 
the "American Machinist." With diagrams 
and folding plates. 8vo, cloth, illustrated, 122 
pages net, $1.25 

HAEDERy H., C.E. A Handbook on the Steam- 
engine. With especial reference to small and 
medium-sized engines. For the use of Engine- 
makers, Mechanical Draughtsmen, Engineer- 
ing Students and Users of Steam Power. 
Translated from the German, with considera- 
ble additions and alterations, by H. H. P. 
Powles. Third English Edition, revised. 8vo, 
cloth, illustrated, 458 pages $3.00 

HAINBACH, R. Pottery Decoration. A descrip- 
tion of all processes for decorating pottery and 
porcelain. Translated by C. Slater. 22 illus- 
trations. 12mo, cloth net, 93.00 

HAIiE, Prof. W. J. (Univ. of Mich.) Calculations 

of General Chemistry, with Definitions, Ex- 
planations, and Problems. 174 pp. 12mo, cloth. 
net, $1.00- 

HALL., C. H. Chemistry of Paints and Paint 

Vehicles. 8vo, cloth net, $3.00 

— ^W. S.9 Prof. Elements of the Dlfrerential 

and Integral Calculus. Sixth Edition, revised. 
8jo, cloth, illustrated net, «2.25 

■ W. S. Descriptive Geometry, with Numerous 

Problems and Practical Applications. Com- 
prising an 8vo volume of 76 pages of text and 
a 4to atlas of 31 plates. 2 vols., cloth, net, $3.50 

HALLER, G. F., and CUNNINGHAM, B. T. The 

Tesla Coil, Its Construction and Uses. In Press. 

HAIiSEY, F. A. Slide-valve Gears. An Expla- 
nation of the Action and Construction of Plain 
and Cut-ofC Slide Valves. Illustrated. Seventh 
Edition. 12mo, cloth fl.50 

——The Use of the Slide Rule. With illustrations 

and folding plates. Fourth Edition, revised 
and enlarged. 16mo, boards. (Van Nostrand s 
Science Series. No. 114) $0.50 
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W orm and Spiral GearlntT* Revised an^ 

Englarged Edition. 16mo, cloth (Van Nos- 
trand's Science Series, No. 116.) Illustrated. 
$0.50 

HAMIIiTON, W. G. Useful Information for Rail- 
way Men. Tenth Edition, revised and en- 
larged. 562 pages, pocket: form. Cloth ...fl.OO 

HAMBfBR, y^. J. Radium, and Other Radio- 
active Substances; Polonium, Actinium and 
Thorium. With a consideration of Phosphor- 
escent and Fluorescent Substances, the Prop- 
erties and Applications of Selenium, and the 
treatment of disease by the Ultra- Violet Light. 
Second Edition. With engravings and pho- 
tographic plates. 8vo, cloth, illustrated, 72 
pp 91*00 

HANCOCK, H. Text-book of Mechanics and Hy- 
drostatics, with over 500 diagrams. 8vo, cloth. 
.net, 91.50 

HARDY* E:. ESlementary Principles of Graphic 

Statics. Containing 192 diagrams. 8vo, cioth, 
illustrated net, 91.50 

HARPER, W. B. Utilisation of TTood TITaste by 

Distillation. A general consideration of thOv 
Industry of wood distilling, Including a de- 
scription of the apparatus used and the prin- 
ciples .involved, also methods of chemical con- 
trol and disposal of the products. With 74 
engrravings. Illustrated. 157 pp., 4to, cloth. 
net, 98.00 

HARRISON, W, B. The Mechanics' Tool-boolc 

With Practical Rules and Suggestions for use 
of Machinists, Iron-workers and others. With 
44 engravings. 12mo, cloth 91*50 

HART, J. W. Bxtemal Plumbing Work. A 

Treatise on Lead Work for Roofs. With num- 
erous figures and diagrams. 8vo, cloth, il- 
lustrated net, 98.00 

H ints to Plumbers on Joint Wipinar, Pipe 

Bending, and Lead Burning. Containing 1^4 
figures and diagrams. 8vo, cloth, illustrated. 
net, 98.00 

——Principles of Hot-water Supply. With num- 
erous illustrations. 8vo, cloth net, 98.00 

Sanitary Plumbing and Drainage. With 

numerous dl^'grams and figures. 8vo, cloth, 
illustrated net, 93.00 

HASKINS, C. H. The Galvanometer and its 

Uses. A Manual for Electricians and Students. 
Fourth Edition. 12mo, cloth 91.60 
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HATT, J. A. H. The Colorlst. Designed to csor- 

' rect the commonly held theory that red, yel- 
low and blue are the primary colors, and to 
supply the much-needed easy method of deter- 
minlnsr color harmony; together with a system 
of color nomenclature and other practical in- 
formation for artists and workers or designers 
in colors. 2 color plates. 95 pp., square 12mo, 
cloth net, $1.50 

HAUSBRAND, B. Dryins by Means of Air and 

Steam. With explanations, formulas, and ta- 
bles, for use in practice. Translated from the 
German by A. C. Wright, M.A. 12mo, cloth, 
illustrated net, $2.00 

Evaporating, Condensing and Cooling Appa- 
ratus: Explanations, Formulae, and Tables for 
Use in Practice. Translated from the Second 
Revised German Edition by A. C. Wright, M.A. 
With numerous figures, tables and diagrams. 
8vo, cloth, illustrated, 400 pages ....net, 95.00 

HAUSNE3R, A. Manufacture of Preserred Foods 

and Sweetmeats. A Handbook of all the Pro- 
cesses for the Preservation of Flesh, Fruit, 
and Vegetables, and for the Preparation of 
Dried Fruit, Dried Vegetables, Marmalades, 
Fruit-syrups, and Fermented Beverages, and 
of all kinds of Candies, Candied Fruit, Sweet- 
meats, Rocks, Drops, Dragees, Pralines, etc. 
Translated from the Third Enlarged German. 
Edition, by Arthur Morris and Herbert Rob- 
son. B.Sc. 8vo, cloth, illustrated net, 93.00 

HAIIVKE, W. H. The Premier Cipher Telegraph- 
ic Code, containing 100,000 Words and Phrases. 
The most complete and most useful general 
code yet published. 4to, cloth ...95.00 

———100,000 'Words Supplement to the Premier 

Code. All the words are selected from the of- 
ficial vocabulary. Oblong quarto, cloth, 95.00 
HAWICESl¥ORTH, J. Graphical Handbook for 

Reinforced Concrete Design. A series of plates, 
showing graphically, by means of plotted 
curves, the required design for slabs, oeams, 
and columns under various conditions of ex- 
ternal loading, together with practical exam- 
ples showing the method of using each plate. 
4to, cloth net, 92.50 

HAY^ A. Alt<'mating Currents; Their Theory, 

Generation, and Transformatiori. 8vo, cloth, 
illustrated net, 92 .50 

—Principles of Alternate-current Workiiig. 

12mo, cloth, illustrated 92.00 
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A n IntrodnctorT- Course of Continnoiia Oar- 
rent BngrJneerlngr. With 183 flgrures and dia- 
grams. Illustrated. 827 pp. Svo, cloth. 
net. 92JS0 

BS3AP, D. P., Major, U.S.A. ESlectrlcal Appliances 

of the Present Day. Report of the Paris Elec- 
trical Exposition of 1881. 250 illustrations. 
8vo, cloth .fa.oo 

HEAVISIDE, O. Blectromasnetlc Theory. 8vo, 

cloth, two volumes each, 95.00 

I 

HECK, R, C. H. Steam-EnflTlne and Other Steam 

Motors. A text-book for eftgineering col- 
leges and a treatise for engineers. Vol I. 
The Thermodynamics and the Mechanics. of the 
Engine. With numerous figures, diagrams, 
and tables. 8vo, cloth, illustrated, net, $3.50 
Vol. II. Form, Construction, and Working of 
the Engine: The Steam Turbine. 8vo, cloth, 
illustrated net, $6.00 

Abridged edition of above vctliunea (ESlemen* 



tary). 8vo, cloth In Press. 

HEDGES, K. Modem Llghtlna: Conductors. An 

Illustrated Supplement to tne Report of the 
Lightning Research Committee of 1905, with 
Notes as to Methods of Protection and Speci- 
fications. With figures, half-tones, and fold- 
ing tables. 8yo, cloth, illustrated, net, 98.00 

HEERMANN, P. Dyers' Materials. An Introduc- 
tion to the Examination, Valuation, and Ap- 
plication of the most important substances 
used in Dyeing, Printing, Bleaching and Fin- 
ishing. Translated by Arthur C. Wright, M.A. 
12mo. cloth, illustrated net, 92.60 

HENRICI, O. Skeleton Stractnres, Applied to 

the Building of Steel and Iron Bridges. 8vo, 
cloth, illustrated 91.50 

HERMANN, F. Painting on Glass and Porcelain 

and Enamel Painting. On the basis of Per- 
sonal Practical Experience of the Condition 
of the Art up to date. Translated by Charles 
Salter. Second greatly enlarged edition. 8vo,, 
cloth, illustrated net, 93.50 

HERRMANN, G. The Graphical Statics of 

Mechanism. A Guide for the Use of Machin- 
ists, Architects and Engineers; and also a 
Text-book for Technical Schools. Translated 
and annotated by A. P. Smith, M.E. Fourth 
Edition. 12mo, cloth, 7 folding plates, 92.00 

HERZFELD, J., Dr. The Technical Testing of 

Yarns and Textile Fabrics, with reference to 
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official specifications. Translated by Chas. 
Salter. With 69 illustrations. 8vo, cloth. 
net» $3.50 

HIIiDEiBRANDTy A. Airships, Past and Present. 

Together with chapters on the use of balloons 
in connection with meteorologfy, photogrraphy 
and the carrier pigeon. Translated by W. H. 
Story. With 22 figures, diagrams and half 
tones. Illustrated. 364 pp., 8vo, cloth. 
net, 98J(0 

Hllili. J. W. The Pnrifieatlon of Public \¥ate» 

SuDplies. Illustrated with valuable tables, 
diagrams, and cuts. 8vo, cloth ...$3.00 

I nterpretation of Water AnalysUi. In Press. 

HIROIy I. Statically-Indeterminate Stresses in 

Frames Commonly Used for Bridges. With 
figures, diagrams, and examples. 12mo, cloth, 
illustrated net, 92.00 

HIRSHFESLD, PROF. C. F. (GiMrnell 1JniT.> 

Engineering Thermodynamics. Second Edition, 
Bevised and Corrected. 16mo, cloth. Illus. 
(No. 45 Van Nostrand's Science Series.) . .fOJSO 

HOBART, H. M. Heavy Electrical Engineering. 

319 pp. 182 illustrations. 8vo, cloth.net, $4.50 

J. F. Brazing and Soldering. Pamph- 



let $0.25 

HOBBS, ysv, R. P. The Arithmetic of Electrical 

Measurements, with numerous examples, fully 
worked. Revised by Richard Wormell, M.A. 
Ninth Edition. 12mo, cloth $0.50 

HOFF, J. X. Paint and Tarnish Facts and For- 
mulas. A hand'book for the maker, dealer, 
and user of paints and varnishes. Containing 
over 600 recipes. 8vo, cloth net, $8.00 

— Wm. B., Gom.y U.S.N. The AToidanee of Col- 
lisions at Sea. 18mo, morocco $0.76 

HOLE, WAXTER. The Dlstrihntioii of Gas. 405 

illustrations. 682 pp. 8vo, cloth. .. .net, $5.00 

HOLLEYy A. li. Railway Practice. American 

and European Railway Practice in the Eco- 
nomical Generation of Steam, including the 
Materials and Construction of Coal-burning 
Boilers, Combustion, the Variable Blast, Va- 
porization. Circulation, Superheating, Supply- 
ing and Heating Feed Water, etc., and the 
Adaptation of Wood and Coke-burning En- 
gines to Coal-burning; and in Permanent Way, 
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Including Road-bed, Sleepers, Rails, Joint Fas- 

• tenlngrs, Street Railways, etc. With 77 litho- 

Srraphed plates. Folio, cloth $12.00 

H0L.]IIE:S» a. B. The Blectrlc Llffht Pop«l«rlr 

Explained. Fifth Edition. Illustrated. 12mo, 
paper 90.40 

HOPKINS, N* M. Experimental Electrochemis- 
try: Theoretically and Practically Treated. 
With 132 fi£rures and diagrams. 8vo, cloth, 
illustrated net, $3.00 

Model EnjKlnes and Small Boats* New Meth- 
ods of Engrine and Boiler Making:, with a chap- 
ter on Elementary Ship Design and Construc- 
tion. 12mo, cloth $1.25 

HORNER, J. Enslneers' Tnrnlns, In Principle 

and Practice. A Handbook for Working En- 
gineers, Technical Students, and Amateurs. 
With 488 figures and diagrams. 8vo, cloth, 
illustrated net, $3. SO 

HOUGHTON, C. E. The Elements of Meehanles' 

of Materials. A text for students in engineer- 
ing courses. Illustrated. 194 pp., 12mo, cloth. 
, • net, $2.00 

H01¥0RTH, J. Art of Repairing and Riveting 

Glass, China and Earthenware. Second Edi- 
tion. 8vo, pamphlet, illustrated ...net, $0.50 

HUBBARD, E. The UtIllBatlon of "Wood-waste. 

A Complete Account of the Most Advantageous 
Methods of Working Up Wood Refuse, espe- 
cially Sawdust, Exhausted Dye Woods and Tan 
as Fuel, as a Source of Chemical Products for 
Artificial Wood Compositions, Explosives, 
Manures, and many other Technical Purposes. 
Translated from the German of the second 
revised and enlarged edition. 8vo, cloth, il- 
lustrated, 192 pages net, $2.50 

HUMBER, W., C.E. A Handv Book for the Cal- 
culation of Strains in Girders, and Similar 
Structures, and their Strength; consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth $2.50 

HUMPHREYS, A. G. (Stevens Institute). Lec- 
ture Notes on some of the Business Features 
of Engineering Practice. 8vo, cloth, with sup- 
plement net, $1.25 

HURST, G. H., F.C.S. Color. A Handbook of 

the Theory of Color. A practical work for the 
Artist, Art Student. Painter, Dyer and Calico 
Printer* and Others. lUustrated with 10 ool- 
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ored plates and 72 Illustrations. Svo, cloth. 
net, $2 :50 

D ictionary of Chemicals and Rair Product* 

Used In the Manufacture of Paints, Colors, 
Varnishes and Allied Preparations^ Svo, clotli. 
..net, 93. OO 

^liUbrlcatlnfiT OUs, Fats and Greases: Their 

Origin, Preparation, Properties, Uses and 
Analysis. 313 pages, with 65 illustrations. 
8v0k cloth net, 98.00 

Soaps. A Practical Manual of the manufac- 
ture of Domestic, Toilet and other Soaps. Il- 
lustrated with 66 engravings. 8vo, cloth. 
net, 95 .00 

T textUe Soaps and Oils: A Handbook on the 

Preparation, Properties, and Analysis of the 
Soaps and Oils Used in Textile Manufacturing, 
Dyeing and Printing. With tables and Illus- 
trations. 8vo, cloth net, 92.50 

HUTCHINSON, R. W., Jr. L^nff Distance Blec- 

tric Power Transmission: being a Treatise on 
the Hydro-electric Generation of Energy; its 
Transformation, Transmission, and Distribu- 
tion. 12mo, cloth, illus., 345 pp. ....net, 93.00 

-——and IHL.SE3JVG, M. C. Electricity In BUnlns; 

being a Theoretical and Practical Treatise on 
the Construction, Operation, and Maintenance 
of Electrical Mining Machinery. 12mo, cloth, 
illustrated In Press. 

— W. B. Patents and Hoiv to Ulake Money out 

of Them. 12mo, cloth 91.25 

HUTTON, W, S. Steam-boiler Construction. A 

Practical Handbook for Engineers, Boiler- 
makers and Steam-users. Containing a large 
collection of rules and data relating to recent 
practice in the design, construction and work- 
ing of all kinds of stationary, locomotive and 
marine steam-boilers. With upwards of 540 
illustrations. Fourth Edition, carefully re- 
vised and much enlarged. 8vo, cloth 96.00 

Practical Engineer's Handbook, comprlslaK 

a Treatise on Modern Engines and Boilers. 
Marine, Locomotive and Stationary. Fourth 
Edition, carefully revised, with additions. With 
upwards of 570 illustrations. 8vo, cloth, 97.00 

The Works' Manaser's Handbook of Modem 

Rules. Tables and Data for Civil and Mechani- 
cal Engineers, MiU-wrights and Boiler-ma]£- 
ers, etc., etc. With upwards of ISO lllmtra- 
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tions. Fifth Edition, carefully revised, with 
additions. 8vo, cloth $6.00 

INGLES, H. Bfaimal of Agrricnltiiral ChemlstrT'. 

8vo, cloth, illustrated, 388 pages net, $3.00 

INNE2S» C. H. Problems in Bfaeliine Deslffn. For 

the use of Students, Draughtsmen and others. 
Second Edition, 12mo, cloth . '. net, 92.00 

-Air Compressors and Bioi^lng; ESnslnes. Spe- 



cially adapted for engineers. With 285 fig- 
ures, diagrams, etc. 12mo, cloth, Illustrated. 
net, $2.00 

Centrifugral Pumps, Turbines and Water 

Motors. Including the Theory and Practice 
of Hydraulics. Fourth and enlarged edition. 
12mo, cloth net, 92.00 

ISHBRl^^OOD, B. F. BnsrlneerlnsT Precedents for 

Steam Machinery. Arranged in the most prac- 
tical and useful manner for Engineers. With 
illustrations. Two volumes in one. 8vo, 
cloth 92.50 

JAMIESON, A.» C.C3. A Text>book on Steam and 

Steam-engines, including Turbines and Boil- 
ers. Specially arranged for the use of En- 
gineers qualifying for the Institution of Civil 
Engineers, the Diplomas and Degrees of 
Technical Colleges and Universities, Advanced 
Science Certificates of British and Colonial 
Boards of Education, and Honors Certificates 
.of the City and Guilds of London institute, in 
'Mechanical Engineering, and Engineers gen- 
erally. Fifteenth Edition, revised. Illustrated. 
8vo, cloth 98.00 

E lementary Manual on Steam and the 

Steam-engine. Specially arranged for the use 
of First-year Science and Art, City and Guilds 
of London Institute, and other Elementary 
Engineering Students. Tenth Edition, revised. 
12mo, cloth 9X,60 

JANNBTTAZ. B. A Guide to the Determination 

of Rocks: being an Introduction to Lithology. 
Translated from the French by Q. W. Plymp- 
ton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth, 91.60 

JESHIi, W,f Mem. A.I.E.E:. The Mannfaeture of 

Carbons for Electric Lighting and Other Pur- 
poses. A Practical Handbook, giving a com- 
glete description of the art of making car- 
ons, electros, etc. The various gas genera- 
tors and furnaces used in carbonizing, with 
a plan for a model factory. Illustrated with 
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numerous dla^ams, tables, and foldingr plates. 
Svo, cloth, illustrated net, f4.00 

JBNNINGSy A. S. Contmerelal Paints and Paint- 

insr. 8vo, cloth. (Van Nostrand's Westminster 
Series.) In Press. 

JBNNISON, F. H. The Mannfactvre of Lake 

Piirments from Artificial Colors. A useful 
handbook for color manufacturers, dyers, col- 
or chemists, paint manufacturers, drysalters, 
' wallpaper-makers, enamel and surface-paper 
makers. With 15 plates illustrating the vari- 
ous methods and errors that arise In the dif- 
ferent processes of production. 8yo, cloth. 
net, $8.00 

JBPSONy G. Cams, and the Principles of their 

Construction. With flsrures, half-tones, full- 
page and folding plates. 8yo, cloth, illus- 
trated net, 91.50 

M echanical Drawing. ninstrated. 8to. 

Cloth In Press. 

JOCKIN. Wm. Artthmetle of the Gold and Sil- 
versmith. Prepared for the use of Jewelers, 
Founders, Merchants, etc.. especially for those 
enfraged in the conversion and alloying of 
goia or other metals, the mixing of various 
substances, etc With numerous examples. 
12mo, cloth, 56 pp $1.00 

JOHNSON, G. li. Photographle Optics and Color 

Photography. Including the camera, kinemat- 
ograph, optical lantern, and the theory and 
practice of Image formation. 184 Illustrations. 
814 pp., 8vo, cloth .....net, 



W . H. The CvItlTation and Prepamtion 

Para Rubber. Second Bdltlon, rewritten and 
enlarged. 82 illustrations. 181 pp. 8vo, oloth. 
net. f&Ot 

— — W. McA. The Metallurgy of Nickel. In Press. 

JOHNSTON, J. F. "W,, Prof, and CAMSSRON. Sir 

Chas. Elements of Agricultural Chemistry 
and Geology. Seventeenth Edition. 12mo, 
cloth $2.00 



JOIiT, J. Radioactivity and Geology. An 

count of the Influence of radioactive energy on 
terrestrial history. 8 Illustrations. 290 pp., 
12mo, cloth In ~ 



JONBS, H. C. Xnectrical Nature of Hatter and 

Hadioactivity. 12mo, eloth 
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M . "W. The Temtfng aad Valvmtlon of Raw 

Materials used in Paint and Color Manufac- 
ture. 12mo» cloth net, $2.00 

JOYNSOlf, F. H. Deslsnlnff and ConstraetlcMft of 

Machine Gtoarinfr. Illustrated. 8yo> cloth. •9.00 

JUPTNBR. H. F. V. Slderolosryt The Science of 

Iron. (The Constitution of Iron Alloys and 
Iron.) Translated from the German. 8vo, 
cloth, 345 pa^es. Illustrated net, OS. 00 

KANSAS CITY BRIDGB, THE2. With an Ac- 
count of the Regrlmen of the Missouri River 
and a Description of the Methods used for 
Founding: In ttiat River, by O. Chanute, Chief 
Engineer, and Georgre Morison, Assistant En- 
- erineer. Illustrated with 5 lithogrraphic views 
and 12 plates of plans. 4to, cloth $6.00 

KAPPy G.y C.E3. Blectxic Transmission of Kn- 

ergry and its Trans forir.atlon. Subdivision and 
Distribution. A practical handbook. Fourth 
Edition, revised. 12mo, cloth 08.80 

D ynamosy Motors> Alternators and Rotary 

Converters. Translated from the third Ger- 
man edition, by Harold H. Simmons, A.lii.I.B.E. 
With numerous diagrrams and figures. 8vo, 
cloth, 507 pagres f4*00 

KEIM, A«* W. Prevention of Dampness In Bvlld- 

Ingrs. With Remarks on the Causes, Nature 
and Effects of Saline Efflorescences and Dry 
Rot. For Architects, Builders, Overseers, 
Plaslferers, Painters and House Owners. Trans- 
lated from the second revised German edition. 
With colored plates and dlagrrams. 8vo, cloth. 
Illustrated, 115 pagres net, 92.00 

KEIiliERy 8. S., Prof. Mathematics for Bndneer- 

Ingr students (Carnegrle Schools Textbook Se- 
ries. 12mo, half leather, illustrated). Algrebra 
and Trlgronometry, with a chapter on Vectors. 
282 pp net, fl.75 

Special Algrebra Edition, 113 pp net, 91J90 

Plane and Solid Geometry, 212 pp.... net, fl.36 

Analytical Geometry and Calculus, 359 pp. 
^ net, 91.00 

KBIiSBTy "W, R. Contlnvooa-enrrent Dynamos 

and Motors, and their Control: being: a series 
of articles reprinted from The Practical En- 
erlneer, and completed by W. R. Kelsey. With 
many flgrures and diagrams. 8vo, doth. Illus- 
trated 92.00 
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KEMBIiB, "W. T., tmd UNDlQRHII«1i» C. R. The 

Periodic Law and the Hydrogren Spectrum. 
With folding dlagrrams. Illustrated. 16 pp.. 
8vo, pamphlet. net* 9«.80 

KE3MP, J. F., A.B., CM. (Columbia Univ.). A 

Handbook of Rocks. For the use without the 
microscope. With a grlossary of the names of 
rocks and of other llthologrlcal terms. Fourth 
Edition, revised. 8vo, cloth, illustrated, 91.60 

KBNNEDY, R. Modem ESngrineM and Power Gen- 
erators. A Practical Work on Prime Movers 
and the Transmission of Power: Steam. Elec- 
tric, Water, and Hot-air. With tables, flgr- 
ures, and full-pagre en^ravingrs. 6 vols. 8vo, 

cloth, illustrated 91S.00 

Singrle volumes, each fS.po 

———Electrical Installations of Electric Ijlffht, 

Power, Traction, and Industrial Electrical 
Machinery. With numerous diaarrams and 
engrravingrs 

Vol. I. The Electrical Circuit, Measure- 
ment, Elements of Motors, Dynamos, Electro- 
lysis. 8vo, cloth, illus 98.60 

Vol. II. Instruments, Transformers, In- 
stallation Wiringr. Switches and Switchboards. 
8vo, cloth, illustrated 93.60 

Vol. III. Production of Electrical Energy 

Prime Movers, Generators and Motors. • 8vo, 
cloth, illustrated 93.60 

Vol. rv. Mechanical Gearing:; Complete 

■Electric Installations; Electrolytic, MiAinsr and 
Heating Apparatus; Electric Traction; Special 
Applications of Electric Motors. 8vo, cloth, 
illustrated 93.60 

Vol. V. Apparatus and Machlnerr used lu 

Telegraphs, Telephones, Signals, Wireless Tel- 
egraph, X-Rays, and Medical Science. Svo, 

cloth, illustrated 93.60 

Complete sets of the five volumes ....916.00 

KENNELLY, A. E. Theoretical Elements of 

Electro-dynamic Machinery. 8vo, cloth, 91.60 



KERSHAW, J. B. C. Fuel, "Water, and Gas 

alysis, for Steam Users. 8vo, cloth, net, 92.60 

-~— Electrometallurffr- Illustrated. 303 pavea. 

8vo, cloth net, 



—The Electric Furnace In Iron and Steel Pro- 
duction. 68 pages, 24 illustrations and list of 
patents. 12mo, cloth nat. 
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KINGDOX, J. A. Applied MasnetlMm. An Intro- 
duction to the Design of Electromagnetic Ap- 
paratus. 8vo, cloth 98.00 

KINZBRUNNE3R, •€. Alternate Current Wind- 

Ings; Their Theory and Construction. A Hand- 
book for Students, Designs, and all Practical 
Men. 8vo, cloth, illustrated .net, 91.50 

Contlnnons Current Armatures; Their Wind- 
ing and Construction. A Handbook for Stu- 
dents, Designers, and all Practical Men. 8vo, 
cloth, illustrated .net, 91.60 

— — »The Testing: of Alternating Current Machines 

in Laboratories and Test Rooms. A practical 
work for students and engineers. Vol I, Gen- 
eral Tests; Transformers, Alternators. 141 
illustrations. 164 pp., Svo, cloth net, 92.00 

KIRKALDY, IV. G. Illustrations of David Klrk- 

» aldy's System of Mechanical Testing, as Origi- 
nated and Carried on by him during a Quarter 
of a Century. Comprising a Large Selection 
of Tabulated Results, showing the Strength 
and other Properties of Materials used In Con- 
struction, with Explanatory Text and His- 
torical Sketch. Numerous engravings and 25 
lithographed plates. 4to, cloth 910.00 

KIRKBRIDE2, J. ESnsravlng for Illustration i 

Historical and Practical Notes, with Illustra- 
tions and 2 plates by Ink photo process. 8vo, 
cloth. Illustrated net, 91*80 

KIRKWOOD. J. P. Report on the FUtratlon of 

River Waters for the Supply of Cities, as 
practiced in Europe, made to the Board of 
Water Commissioners of the City of St. Louis. 
Illustrated by 30 double-page engravings. 4to, 
cloth 97.50 

KLBIN, J. F. Design of a High-speed Steam- 
engine. With notes, diagrams, formulas and 
tables. Second Edition, revised and enlarged. 
Svo, cloth. Illustrated xiet, 96.00 

KliEINHANSy F. B. Boiler Construction. A 

Practical exp4anation of the best modern 
methods of Boiler Construction, from the lay- 
ing out of sheets to the completed Boiler. 
With diagrams and full-page engravings. Svo, 
cloth. Illustrated 98.00 

KNIGHT, A. M., lileut.-Com.. V.S.N. Modem 

Seamanship. Illustrated with 136 full-page 

Slates and diagrams. Svo, cloth, illustrated, 
econd Edition, revised net, 96.00 

Half morocco 97. SO 
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KNOXy MV» F. liosarithm Tables In Presa. 

KNOTT, O. G., and MACKAY, J. S. Practical 

Mathematics. With numerous examples, figr- 
ures and diagrrams. New Edition. 8vo, cloth. 
Illustrated .....! $2.0O 

KOESSTSR, F. Steam-E3Iectrtc Power Plants and 

their Construction. A Practical Treatise oix 
the Design of Central Light and Power Sta- 
tions and their Economical Construction and 
Operation. 473 pp.» 340 illus ....net, $5.00 

H ydroelectric DcTelopments ahd Bngrlneer- 

ing. A Practical and Theoretical Treatise on 
the Development, Design, Construction. Bquip- 
ment, and Operation of Complete Hydroelectric 
Transmission Plants. With many tables and 
500 diagrams and Illustrations. 476 pp., 4to, 
cloth .net, 96.00 

KOIiliBR, T. The UtUlzatlon of Waste Prodactai^ 

A Treatise on the Rational Utilization, Re- 
covery and Treatment of Waste Products of 
all kinds. Translated from the German, sec- 
ond revised edition. With numerous diagrams. 
8vo, cloth, illustrated net* $8.60 

—Cosmetics. A Handbook of tbe Mannfactnrey 

Employment and Testing of all Cosmetic Ma- 
terials and Cosmetic Specialties. Translated 
from the German by Chas. Salter. 8vo, cloth. 
net, $2. CM) 

KRAUCH, C.y Dr. TestlngT of Chemical Reaaents 

for Purity. Authorized translation or the 
Third Edition, by J. A. Williamson and Ii. W. 
Dupre. With additions and emendations by 
the author. 8vo, cloth net, $8.00 

LAMBERT. T. Lead, and Its Compounds. With 

tables, diagrams and folding-plates. • 8vo, 
cloth net, $8.50 

B one Prodacts and Manures. An Account of 

the most recent improvements in the manufac- 
ture of Fat, Glue, Animal, Charcoal, Size, Gela- 
tine and Manures. With plans and diagrams. 
8vo, cloth, illustrated net, 08.00 

liAMBORN, Ii. ii. Cottonseed Products. A Man-. 

ual of the Treatment of Cottonseed for its 
Products and Their Utilization in the Arts. 
With Tables, figures, full-page plates, and a 
large folding map. 8vo, cloth, illustrated. 
net,08.00 

M odem Soaps* Candles* and Glycerin. A 

practical manual of modern methods of utili- 
zation of Fat« and Oils in the manufacture 
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of Soaps and Candles, and the recovery of 
Glycerin. 8vo, cloth, illustrated ....net, $7J(0 

liAMPRBCHT, R. Recovery Work After Fit 

Fires. A description of the principal methods 
pursued, especially in fiery mines, and of the 
various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. with 
folding plates and diafirrams. Translated from 
the German by Charles Salter. 8vo, cloth, il- 
lustrated net, 94.00 

LANCHBSTESR, F. "W. Aerodynamics! Constitu- 
ting the First Volume of a Complete Work on 
Aerial Flight. With Appendices on the Ve- 
locity and Momentum of Sound Waves, on the 
Theory of Soaring Flight, etc. With numerous 
diagrams and half-tones. Illustrated. 442 pp., 
8vo, cloth net, $0.00 

' A erodonctics. Constltntlnsr tbe second TOl- 

ume of a Complete Work on Aerial Flight. 
With Appendices on the Theory and Applica- 
tion of the Gyroscope, on the Flight of Pro- 
jectiles, etc. 449 pp., 208 illustrations, 8vo, 
cloth. • • • .net, 90410 

liARNSRy B. T. Principles of Alternating Cur- 
rents. For students of electrical engineering: 
69 Illustrations. 110 pp., 12mo, cloth.net. 



liARRABESS:, C. S. Cipher and Secret Letter 

and Telegraphic Code, with Hog's Improve- 
ments. The most perfect Secret Code ever In- 
vented or discovered. Impossible to read with- 
out the key. ISmo, cloth 90.00 

LASSAR-COHN, Dr. An Introdnction to Modem 

Scientific Chemistry^ in the form of popular 
lectures suited to university Extension Stu- 
dents and general readers. Translated from 
the author's corrected proofs for the second 
German edition, by M. M. Pattison Muir, M. A. 
12mo, cloth, illustrated 92.00 

liATTA, M. N. Handbook of American Gas- 
Engineering Practice. With diagrams and 
tables. 8vo, cloth, illus., 460 pp.... net, 94. SO 

' A merican Producer Gas Practice and Indus- 
trial Gas Engineering. A new and original 
work. Illus. 8vo, cloth. In Press. 

Ii^ASK, A. R« Breakdows at Sea and Hovr to 

Repair Them. With 89 illustrations. Second 
Edition. 8vo, cloth 92A9 
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T riple ftnd Quadruple Bxpanaion BnarliteB 

and Boilers and their Mana^rement. With 59 
illustrations. Third Bdition, revised. 12mo, 
cloth / $2.00 

R efrigerating Machinery! Its Principles and 

Management. With 64 illustrations. 12mo, 
cloth ; $2 . 00 

liBCKY, S. T. S. «Wrlnkle«" In Practical Nnvl- 

fation. With 130 Illustrations. 8vo, cloth, 
'ourteenth Edition, revised and enlarged. 
net. f&OO 

liESBDS, C. C. Mechanical Drawing for Trade 

Schools. High School Edition. (Carnegie 
Technical Schools Textbooks.) Text and 
Plates. 4to, oblong cloth .net, fl.25 

■ M echanical Drawing for Trade Schools. Bla- 

chinery Trades' Edition. 43 lessons in text and 
plates. 4to, oblong clotli, J.50 pp.... net, $2.00 

LEFIfiVliE, L. Architectural Pottery: Bricks, 

Tiles, Pipes, Enameled Terra-Cottas, Ordinary 
and Incrusted Quarries, Stoneware Mosaics, 
Faiences and Architectural Stoneware. With 
tables, plates and 950 cuts and illustrations. 

With a preface by M. J.-C. Formige. Trans- 
lated from the French* by H. K. Bird, M.A., 
and W. Moore Blnns. 4to, cloth, illustrated. 
net, $7 . 50 

LBHNBR, S. Ink Manufactaret Including Writ- 
ing, Copying, Lithographic, Marking, Stamp- 
ing and Laundry Ixiks. Translated from the 
fifth German edition, by Arthur Morris and 
Herbert Robson, B.Sc. 8vo, cloth, illustrated. 
net, $2.60 

tiBMSTROMy Dr. Blectridty In Agriculture and 

Horticulture. Illustrated net, 91.50 

LBSWSJS, V. B. Liquid and Oaseona Fnela, and 

the Part They Play in Modern Power Produc- 
tion. With tables and 64 figures and diagrams. 
Illustrated. 334 pp., 8vo, cloth net. 



LITE2RMORS2, V. P., and 'WILLIAMS, J. How. to 

Become a Competent Motorman. Being a 
Practical Treatise on the Proper Method of 
Operating a Street Railway Motor Car; also 

f riving details how to overcome certain de- 
ects. Revised Edition entirely rewritten and 
enlarged. 16mo, cloth, illustrated $1.00 

L^BBDNy P., M.B. Machlnlata* and Draftsmen's 

Handbook, containing Tables, Rules, and For- 
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mulas, with numerous examples, explaining 
the principles of mathematics and mechanics, 
as applied to the mechanical trades. Intended 
as va reference book for all interested in Me- 
chanical work. Illustrated with many cuts 
and dlagrrams. 8vo, cloth 92. SO 

LOCKE, A. G. and C. G. A Practical nPreatlse on 

the Manufacture of Sulphuric Acid. With 77 
constructive plates, drawn to scale measure- 
ments, and other illustrations. Royal 8vo» 
cloth $10.00 

LOCKWOOD, T. D. Electricity, Magrnetlsm, and 

Electro-telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, 
cloth. Third Edition $2.50 

Electrical Meafmrenient and the Galvano- 

meter: its Construction and Uses. Second Edi- ' 
tion. 32 illustrations. 12mo, cloth ....$1.50 

LODGE, O. J. Elementary Mechanics, incladlns 

Hydrostatics and Pneumatics. Revised Edi- 
tion. 12mo, cloth $1.50 

Signalling Across Space, '^'Ithout liVlrest 

being* a description of the work of Hertz and 
his successors. With numerous diagrams and 
half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and 
later developments. Third Edition. Svo, cloth, 
illustrated net, $2 .00 

LORD, R. T. Decorative and Fancy Fabrics*. A 

Valuable Book with designs and illustrations • 
for manufacturers and designers of Carpets, 
Damask, Dress and all Textile Fabrics. Svo, 
• cloth. Illustrated net, $3.50 

LORING, A. E. A. Handbook of the Electro- 
magnetic Telegraph. 16mo, cloth, boards. 
New and enlarged edition $0.50 

LOH^ENSTEIN, L. C, and GRISSEY. Centrifugal 

Pumps In Press. 

LUCKE, G. E. Ga.<i Engine Design. With flg-. 

iires and diagrams. Second Edition, revised. 
Svo, cloth, illustrated net, $8.00 

Power Plants: their Design, Efficiency, and 

Power Costs. 2 vols In Press. 

—Power Plant Papers.. Form I. The Steam 

Power Plant. Pamphlet (8x13) net, $1.50 

LITNGE, G., Ph.D. Coal-tar and Ammonia t being 

the third and enlarged edition of "A TreaUse 
on the Distillation of Coal-tar and Ammoni- 
acal Liquor," with numerous tables, figures 
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and diagrams. Thick 8vo, cloth, illustrated. 
; net, 915.00 

I A Theoretical and Practical Treatise on the 

Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. 

Vol. I. Sulpliaric Acid. In two parts, not 

sold separately. Second Edition, revised and 
enlarged. 342 illus. 8vo, cloth .915.00 

Vol. II. Salt Cake, Hydrochloric Acid and 

Leblanc Soda. Second Edition, revised and 
enlarged. 8vo, cloth 915.00 

Vol. III. Ammonia Soda, and various other 

processes of Alkali-making, and the prepara- 
tion of Alkalis, Chlorine and Chlorates, by 
. Electrolysis. 8vo, cloth. New Edition, 1896. 
91B.00 

Technical Chemists' Handbook. Tables and 

methods of analysis for manufacturers of in- 
organic chemical products. 283 pp. 12mo, 
leather net, 9S.50 

Technical Methods of Chemical Analysis. 

Translated from the second German edition 
and adapted to English practice by Charles A. 
Keane. in collaboration with the corps of spe- 
cialists. Volume I. In two parts not sold sep- 
arately. 1024 pp. Illustrated. 8vo, cloth. 

net. 915.00 

Vols. II and III. in preparation, 

and HTJRTBR, F. The Alkali Maker's Hand- 
book. Tables and Analytical Methods for 
Manufacturers of Sulphuric Acid, Nitric Acidj 
Soda, Potash and Ammonia. Second Edition. 
12mo, cloth 93.00 

L.UPTON, A., PARR. G. D. A., and PBRKIN, H. 

Electricity as Applied to Mining. With tables, 
diagrams and folding plates. Second Edition, 
revised and enlarged. 8vo, cloth, illustrated. 
net, 94 . 50 

IaVUVFjH, L. M., Ph.D. (Columbia Univ.). Min- 
erals in Rock Sections. The Practical Method 
of Identifying Minerals in Rock Sections with 
the Microscope. Especially arranged for Stu- 
dents in Technical and Scientific Schools. Third 
Revised Edition. 8vo, cloth, illustrated. 
net, 91^0 

MACKIK, John. Ho^v to .Make a Woolen MUl 

Pay. 8vo, cloth .net, 92.00 

MACKROW, C. The Naval Architect's and Ship- 
builder's Pocket-book of Formulae, Rules, and 
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Tables; and Engrineers' and Surveyors' Handy 
Book of Reference. Ninth Edition. 16mo, 
limp father, illustrated 95. <N^ 

MAGUIRE3, E., Capt., U.S.A.* The Attack and 

D.efense of Coast Fortifications. With maps 
and numerous illustrations. 8vo, cloth, $2. SO 

———Win. R. Domestic Sanitary Drainage and 

Plumbing: Lectures on Practical Sanitation. 
332 Illustrations. 8vo $4.oa 

MARKS, E3. C. R. Notes on the Construction of 

Cranes and Lifting Machinery. With numer- 
ous diagrams and figures. New and enlarged 
edition. 12ino. cloth net. Sl.SO 

Sotem on the Construction and Working of 

Pumps. 'With figures, diagrams and engrav- 
ings. 12mo, cloth, illustrated net, 91.50 

G. C. Hydraulic Power Engineering. A 

Practical Manual on the Concentration and 
Transmission of Power by Hydraulic Machin- 
ery. With over 200 diagrams and tables. 8vo, 
cloth, illustrated 93.50 

II Inventions, Patents and DeslgnK, ^vlth Note» 

. and Full Text of the New British Patents, and 
Designs Act of 1907. 12mo, cloth. .. .net, 91^00 

MARKHAM, E. R. Steel Worker, The American* 

A twenty-five years experience in the selection, 
annealing, working, hardening and tempering 
of various kinds and grades of steel. 8vo, 
cloth. Illus. Second Edition 92.50 

MARSH, C. F., and DUNIV, W. Reinforced Con* 

Crete. With full-page and folding plates, and 
612 figures and diagrams. Third Edition, re- 
vised and enlarged. 4to, cloth, illus., net, 97.00 

Manual of Reinforced Concrete and Concrete 

Block Construction. Illustrated by 116 dia- 
grams and figures. 290 pp, 16mo, -^■'or-o^po. 
net, 92.5<^ 

MASSIE, W. W^., and Underhlll, C. R. W^lreless 

Teles'-aph"'' •'^nd Teien lony '- >ula i 
plained. With a special article by Nikola 
Tesla. 76 pp. 28 illustrations. 12mo, cloth. 
net, 91«0O 

MAURICB, WM. Blectrlc Blasting Apparatus 

and Explosives: with Special Reference to 
Colliery Practice. 86 illustrations. 8vo, cloth,. 
176 pp ; net, 93.50' 

MAVER, W^. American Telegraphy i Systems*. 

Apparatus, Operation. 450 illustrations. 8vo, 
cloth 95. Oa 
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MONCKTON, C. C. F. RadlotelesrapliT* 179 11^ 

lustrations. 8vo, cloth, 289 pp. (Van Nos- 
trand's Westminster Series.) net, $2.00 

MONTEIVBRDE:. R. D. a Pocfeet GlossaiT ot 

Snglish-Spanish, Spanish-Engrlish Technical 
Terms. Suitable for the engineering, manufac- 
turing and mining industries. 309 pp. Vest 
pocket size, leather net, fl«0O 

MOORG, C C. S. New Tables for the Complete 

Solution of Ganguillet and Kutter's Formula 
for the flow of liquids in open channels, pipes, 
sewers and conduits. In two parts. Part I. 
arranged for 1080 inclinations from 1 over 1 
to 1 over 21,120 for fifteen different values of 
(n). Part II, for use with all other values of 
(n). With large folding diagram. 8vo, cloth, 
illustrated net, 95.00 

MORBING, C. A., and NBAL, T. New General 

and Mining Telegraph Code. 676 pages, al- 
phabetically arranged. For the use of mining 
comoahies, mining engineers, stock brokers, 
financial agents, and trust and finance com- 
panies. Eighth Edition. 8vo, cloth . . .$5.00 

MOSESS, A. J. The Characters of Crystals* An 

Introduction to Physical Crystallography, con- 
taining 321 illustrations and diagrams. 8vo. 
net, $2 . 00 

a nd PARSONS, C. L. Blements of Mlneral- 

ogy^ Crystallography and Blowpipe Analysis 
from a Practical Standpoint. Fourth Enlarged 
Edition. 8vo, cloth, 336 illustrations, net, $2.50 

MOSS, S. A. Elements of Gas Engine Design. 

Reprint of a Set of Notes accompanying a 
Course of Lectures at Cornell University in 
1902. Second Edition. 16mo, cloth, illustrated) 
(Van Nostrand's Science Series) $0.50 

The L.ay-«nt of Corliss Vnlve Gears. (Van 

nostrand's Science Series.) 16mo, cloth, illus- 
trated $0.60 

MTJLLIN, J. P., M.E. Modern Moulding and Pat- 
tern-making. A Practical Treatise upon Pat- 
tern-shop and Foundry Work: embracing the 
Moulding of Pulleys, Spur (Sears, Worm (Jears, 
Balance-wheels, Stationary Engine and Loco- 
motive Cylinders, Globe Valves, Tool Work, 
Mining Machinery, Screw Propellers, Pattern- 
shop Machinery, and the latest improvement* 
in English and American Cupolas; together 
with a large collection of original and care- 
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fully selected Rules and Tables for every-day 
use in the Drawing Office, Pattern-shop and 
Foundry. 12mo, cloth, illustrated $2.50 

MUNBY, A. E. Introdnetlon to the ChemistiT 

and Physics of Building Materials. Illustrated. 
8vo, cloth, 365 pp. (Van Nostrand's Westmin- 
ster tteries. ) net, $2.00 

MUNKO, Jm C.E:., and JAMIBSON, A., C.B. A 

Pocket-book of Electrical Rules and Tables 
for the use of Electricians and Engineers. 
Sixteenth Edition, revised and enlarged. With 
numerous diagrams. Pocket size. Leather. 
$2.50 

MURPHY, J. G., m.E. Praetical Mining. A Field 

Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, cloth. 

: $1.00 

NAQtJE]T, A. Lesal Chemistry. A Guide to the 

Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceuti'- 
cal Substances, Analysis of Ashes, and Exami- 
nation of Hair, Coins, Arms and Stains, as ap- 
plied to Chemical Jurisprudence, for the use of 
Chemists, Physicians, Lawyers, Pharmacists 
and Experts. Translated, with additions, in- 
cluding a list of books and memoirs on Toxi- 
cology, etc., from the French, by J. P. Batter- 
shall, Ph.D., with a preface by C. F. Chandler, 
Ph.D., M.D., LL.D. 12mo, cloth $2.00 

NASMITH, J. The Student's Cotton Spinainir. 

Third Edition, revised and enlarged. 8vo, 
cloth, 622 pages, 250 illustrations $3.00. 

NEiRZ, F. Searehligrhts: Their Theory, Conjitrne- 

tion and Application. Translated by Charles 
Rodgers. 47 illustrations. 145 pp. 8vo, cloth. 
net, $3.00 

. XBUBBRGBR, H., and NOALHAT, H. Technol- 
ogy of Petroleum. The Oil Fields of the 
World: their History, Geography and Geology. 
Annual Production, Prospection and Devel- 
opment; Oil-well Drilling; Transportation of 
Petroleum by Land and Sea. Storage of Pe- 
troleum. With 153 illustrations and 25 plates. 
Translated from the French by John Geddes 
Mcintosh. 8vo, cloth, illustrated, net, $10.00 

NBWALL, J. W. Plain Praetical Directions for 

Drawing, Sizing and Cutting Bevel-gears, 
showing how the Teeth may be cut in a Plain 
Milling Machine or Gear Cutter so as to give 
them a correct shape from end to end; and 
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Showing how to get out all particulars for 
the Workshop without making any Drawings. 
Including a Full Set of Tables of Reference. 
Folding plates. 8vo, cloth $1.50 

JiVyWIjA'S'DS, J. The Carpenters* and Joiners' 

Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength of Ma- 
terials, and the Mechanical Principles of 
Framing, with their application in Carpentry, 
Joinery and Hand-railing; also, a Complete 
Treatise on Sines; and an Illustrated Glossary 
of Terms used in Architecture and Building. 
Illustrated. FqHo, half morocco $15.00 

NIPHER, F. E,f A.M. Theory of Magnetic Meas- 
urements, with an Appendix on the Method of 
Least Squares. 12mo, cloth fl.OO 

NISBET, H. C:raniniar of Textile Design. IVith 

many diagrams and figures. 8yo, cloth, illus- 
trated. 276 pp., London, 1907 .net, $3.0O 

NOLL, Auffustus. How to Wire Buildings t A 

Manual of the Art of Interior Wiring. With 
many illustrations. Fourth Edition. 8vo, 
cloth, illustrated $1.50 

NUGBNT, E. Treatise on Optl<^s; or. Llarht and 

Sight Theoretically and Practically Treated, 
with the Application to Fine Art and Indus- 
trial Pursuits. With 103 illustrations. 12mo, 
cloth 91.50 

O'CONNOR, H. The Gas ESnurlneer's Pocket-boolc 

Comprising Tables, Notes and Memoranda re- 
lating to the Manufacture, Distribution and 
Use of Coal-gas and the Construction of Gas- 
works. Second Edition, revised. 12mo, full 
leather, gilt edges $8.60 

OLSSON, A. Motor Control as Used in Connec- 
tion with Turret Turning and Gun Elevating. 
(The Ward Leonard System.) Illustrated. 
8vo, Pamphlet, 27 pp. (U. S. Navy Electrical Se- 
ries, No. 1.) net, $..50 

OLSEN, J. C. Prof. Text-book of ^uantltatlTe 

Chemical Analysis by Gravimetric, Electro- 
lytic, Volumetric and Gasometric Methods. 
With Seventy-two Laboratory Exercises giv- 
ing the Analysis of Pure Salts, Alloys, Miner- 
als, and Technical Products. With numerous 
figures and diagrams. Fourth Edition, revised 
and enlarged. Svo, cloth net, $4*00 



OSBORN, F. C. Tables of Moments of Inertia, 

and Squares of Radii of Gyration; supple- 
mented by others on the Ultimate and Safe 
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Strength of Wrousht-iron Colttmns, Safe 
Strength of Timber Beams, and Constants for 
readily obtaining the Shearing Stresses. Reac- 
. tions and Bending Moments in Swing Bridges. 
Fifth Edition. 12mo, leather ......net, fS.OO 

OVDIIV. BI. A» Standard Polyphase Apparatus 

ancl Systems. With many diagrams and fig- 
ures. Fifth Edition, revised and enlarged. 
Fully illustrated. 8vo, cloth, 370 pp. ...fS.OO 

PAIiAZy A., ScJ>. A Treatise on Industrial Pho- 
tometry, with special application to Slectric 
Lighting. Authorized translation from the 
French by George W. Patterson, Jr. Second 
Edition, revised. 8vo, cloth, illustrated, 94.00 

PAMBIiY, C. Colliery Manager's Handbook. A 

Comprehensive treatise on the Laying-out and 
Working of Collieries. Designed as a book 
of reference for colliery managers and for 
the use of coal-mining students preparing for 
flrst-class certificates. Fifth Edition, revised 
and enlarged. Containing over 1,000 dla- 

Srams, plans, and engravings. 8vo, cloth, 
lustrated net, 910.00 



PAJIR* G« D, A« mectrloal Engineering Itoasar- 

ing Instruments, for Commercial and Liabara- 
tory Purposes. With 870 diagrams and en- 
gravings. 8vo, cloth, illustrated, net, 9t.60 

PARBT, B. J.9 B.8c. The Cbemlstry of Essential. 

Oils and Artificial Perfumes. Being an at- 
tempt to group together the more important 
of the published facts connected with the sub- 
ject; also giving an outline of the principles 
involved in the preparation and analysis of 
Essential Oils. Second Edition, thoroughly ro- 
vised and greatly enlarged. With • numerous 
diagrams and tables. 8vo, cloth, illustrated. 
. . , ^ net, 99.00 

" ■md COSTS, J. H. Chemistry of Plgssents. 

With tables and figures. 8vo, cloth, net, 94.50 

^— L. A.9 MJ). The Risk and Dangers of Vari- 
ous Occupations and their Prevention. A book 
that should be in the hands of manufacturers, 
the medical profession, sanitary inspectors, 
medical officers of health, managers of works, 
foremen and workmen. 8vo, cloth, net, 9S.00 



PARSHALL. H. P.. and HOBART. H. H. a^w.- 

ture Windings of Electric Machines. With 140 
full-page plates, 65 tables and 1C5 page# of 
descriptive letter-press. 4to, doth ....97.90 



— -Bleetvf « Railway Bngtneerlag* Wltl» m 

•roua tablooi figures, and folding platoiL 4tOb 
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cloth. 4C8 pp., lUus net, •!• .00 

This is undoubtedly the most comprehensive 
work on a rapidly errowincr and immensely im- 
portant branch of engrineerlns, and is likely 
to remain for lonsr the standard book on the 
subject. 

and PARRYy B. Blcctrlcal Bqulpment ot 
Tramways In Press. 

PASSMORS:, A. C. Handbook of Techat—1 

Terms used In Architecture and Building, and 
their Allied Trades and Subjects. Svo, doth. 
net, 98 .M 

PATE2R80X^ Do F.C.S. The Color PHatlii^ of 

Carpet Tarns. A useful manual for color 
chemists and textile printers. With numerous 
illustrations. Sro, cloth, illustrated, net, $8.60 

Color Matching on Textiles. A Hfwnwl in* 

tended for the use of Dyers, Calico Printers, 
and Textile Color Chemists. Containing col- 
ored frontispiece and 9 illustrations, and 14 
dyed patterns in appendix. Svo, cloth, illus- 
trated net, 88.00 



Seienee of Color Mizln«. A Utannal in- 
tended for the use of Dyers, Calico Printers, 
and Color Chemists. With figrures, tables, and 
colored plate. 8yo, cloth, illustrated, net, 8B.0O 

.PATTON9 H. B. licctvre If otes on Crystallog- 
raphy. Revised Edition, largely rewritten. 
Prepared for use of the students at the Colo- 
rado School of Mines. With blank pages for 
note-taking. 8vo, cloth net, $1. 



PAtJIiDINGy C. P. Praetieal Laws and Data on 

the Condensation of Steam in Covered and 
Bare Pipes; to ^Rrhich is added a translation of 

Peclet's "Theory and Experiments on the 
Transmission of Heat Through Insulating Ma- 
terials." 9vo, cloth, illus. 102 pp net, 89.68 

—— Transmission of Heat Throngh Cold-stomgo 

Insulation: Formulas, Principles, and Data 
Relating to Insulation of Every Kind. A 
Manual for refrigerating engineers. With 
tables and diagrams. 12mo, cloth. Illustrated. 
. . ; net, 81 .80 

PBIRCB. B. System of Analytic Mechanies. 

4to, cloth 810.08 

PB^TDRIBD. ▼. The Railway LecemotlTe. What 

It Is and Why It Is What It Is. 94 tllustra* 
tions. Svo, oloth, SIS pp. (Van Mostran4'8 
Westminster Series.)... ....• net* 
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PBRKIN, F. M. Practical Methods of laoMaalc 

Chemistry. With flsures and di%8rram8. l2mo. 
cloth, illustrated* 152 pp. net, fl.OO 

PS3RRIGO, O. E2. DevlceM, Change Gear. Show- 
ing the Development of the Screw Cuttlnsr 
lathe and the Methods of obtainln^r various 
pitches of Threads. Cloth $1.00 

PBRRINES, F. A. C, A.M., D.Sc. Oondnctom for 

Electrical Distribution: their Manufacture and 
Materials, the Calculation of Circuits, Pole 
Line Construction, Underground Working and 
other Uses. With numerous diagrams and en- 

frravings. Second Edition, revised. 8vo, cloth, 
Ilustrated, 287 pages net, $3.80 

PBRRir. J. Applied Mechanics. A Treatise for 

the Use of Students who have tiihe to vrork 
experimental, numerical, and graphical exer- 
cises illustrating the subject. 8vo, cloth, 650 
pages net, 92 .-60 

PHILLIPS, J. Bnglneerlngr Chemlstrr- A Prac- 

tical Treatise for the use of Analytical Chem- 
ists, Engineers, Iron Masters, Iron Pounders, 
students and others. Comprising methods of 
Analysis and Valuation of the principal ma- 
terials used in Engineering works, with num- 
erous Analyses, Examples, and Suggestions. 
Illustrated. Third Edition, revised and en- 
larged. 8vo, cloth net, 94.80 

Gold Assaying. A Practical Handbook giv- 
ing the Modus Operandi for the Accurate As- 
sa^ of Auriferous Ores and Bullion, and the 
Chemical Tests required in the Processes of 
Extraction by Amalgamation, Cyanidation, and 
Chlorlnation. With an appendix of tables and 
statistics and numerous diagrams and en- 
gravings. 8vo, cloth, illustrated, net, 92.50 

PHIN9 J. Seven Follies of Sdenee. A Popalar 

Account of the piost famous scientific lntt>ossl- 
bilities and the attempts which have been 
made to solve them; to which is added a small 
Budget of Interesting Paradoxes, Illusions 
and Marvels. With numerous illustrations. 
Second Edition. 8vo, cloth, Illustrated. 
net, 91.25 

H onsehold Pests, and Ho^r to Get Rid of 

Them. 8vo, cloth In Press. 

PICKIVORTH. C. N. The Indicator Haadboolc 

A Practical Manual for Engineers. Part I. The 
Indicator: its Construction and Application. 
SI lllttstrartions. 12mo, cloth •• 91*80 
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}he tndlcator Handbook. Part H. The Ih- 

dicator Diagram: its Analysis and Calculation. 
With tables and fisrures. 12mo, cloth, illus- 
trated 91.50 

— lioaravlthms for Begrinnerii. 8vo, boards, $0.50 



Slide Rule. A Practical Maniial of In- 
struction for all Users of the Modern Type of 
Slide Rule, containing: Succinct Explanation of 
the Principle of Slide-Rule Computation, to- 
gether with Numerous Rules and Practical 
Illustrations, exhibiting the Application of the 
Instrument to the Every-day Work of the 
Engineer — Civil, Mechanical and Electrical. 
Seventh Edition. 12mo, flexible cloth, fl.OO 

PLANE TABLE, THE. Its Uses In Topograpbl- 

cal Surveying. From the Papers of the United 
States Coast Survey. Illustrated. 8vo, cloth. 

92.00 

"This work gives a description of the Plane 
Table employed at the United States Coast 
Survey ofilce, and the manner of using It." 

PliATTNER'S Blannal of ^nJilltatlTe and C|nan-> 

titative Analysis with the Blow-pipe. Eighth 
Edition, revised. Translated by Henry B. 
Cornwall, B.M., Ph.D., assisted by John H. 
Caswell, A.M. From the sixth German edition, 
by Prof. Friederich Kolbeck. With 87 wood- 
cuts. 463 pages. 8vo, cloth net, 94.00 

PLYMFTON. Geo. \e., Prot» The Aneroid Bar- 
ometer: its Construction and Use. Compiled 
from several sources. Tenth Edition, revised 
and enlarged. 16mo, boards, illustrated, 90. SO 

POCKET LOGARITHMS, to Fovr Places of Deci- 
mals, including Logarithms of Numbers, and 
Lo^rithmic Sines and Tangents to Single 
Minutes. To which is added a Table of Nat- 
ural Sines, Tangents, and Co-tangents. Itoio, 
boards 90.80 

POPE, F. L. Modem Practice of the Saeetxle 

Telegraph.. A Technical Handbook for Elec- 
tricians, Managers and Operators. Fifteenth 
Edition, rewritten and enfarger, and fully il- 
lustrated. 8vo, cloth 91.80 

POPPLBWBLL, IV. C. Elementary Treatise on 

Heat and Heat Engines. Specially adapted for 
engineers and students of engineering. 12mo, 
cloth, illustrated 9S.00 

' P revention of Smoke, eomMned with the 

Economical Combustion of Fuel. With dia- 
grams, figures and tables. 8vo, cloth, iUua- 
tratad net, 99,9$ 
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POTTER, T. Concrete. Itu nse iii BvUdlns £rom 

Foundations to Finish. Third Edition, revised 
and enlargred. 138 illustrations. 858 pp., 8to, 
cloth net, 9a.M 

Practical Compoandlns of Oils, Tallow and 

Grease, for Lubrication, etc. By an Bxpert 
Oil Heflner. 8vo, cloth net, 9».fS0 

Practical Iron Founding. By the Anthor of 

"Pattern Making," etc. Illustrated with over 
100 engrravinsrs^ Third Edition. 12mo, cloth. 
91.80 

PRATT, HESRBBRT. "Wlrlns a House. Pamph- 
let .; $0.25 

PRAY, T., Jr. Twenty Years with the Indicators 

beins a Practical Text-book for the Engineer 
or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 92.CS0 

Steam Tables and Bnarlne Constant. Com« 

piled from Resrnault, Rankine and Dixon di- 
rectly, making: use of the exact records. 8vo, 
cloth 92. 00 

PRBBCB, TV. H. Blectrlc Lamps In Press. 

a nd Stnbbs, A. T. Manual of Telephony. 

Illustrations and plates. 12mo, cloth, 94.M 

PRBIilNI, C, C.E3. Barth and Rock ESxcavatlon. 

A Manual for Bngrineers, Contractors, and En- 
irineerins Students. With tables and many 
diaerams and engrravingrs. Second Edition, 
revised. 8vo, cloth, illustrated ....net, $8.00 

Graphical Determination of Earth Slopes. 

Retaining Walls, ana Dams. 8vo, cloth, UlaB- 
trated, 136 pp net. 



Tunneling. A Practical Treatise containing 

149 Working: Drawings and Figures. With 
additions by Charles S. Hill, C.E., Associate 
Editor "Engrineering: News." 311 pages. Third 
Edition, revised. 8vo, cloth, lllus fS.M 

Dredging. A Pnustlcal Treatise. . . .In Press. 

PRBMIBR CODE. (See Hawke, Wm. H.) 

PRE8COTT, A. B., Prof. Organic Analysis. A 

Manual of the Descriptive and Analytical 
Chemistry of certain Carbon Compounds in 
Common Use; a Guide in the Qualitative and 

§uantitative Analysis of Organic Materials in 
ommercial and Pharmaceutical Assays, in the 
Estimation of Impurities under Authorized 
Standards, and in Forensic Examinations for 
Poisons, with Directions for Elementary Or- 
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ffanio Analyajs. Fifth Edition. 8vo, clothe 

$5.00 

-—And JOHNSON. O. C. ^Qualitative Chemical 

Analysis. A Guide in Qualitative Work, with 
Data for Analytical Operations, and Labora- 
tory Methods in Inorganic Chemistry. Sixth 
reyised and enlargred Edition, entirely rewrit- 
ten, with an appendix by H. H. Willard, con- 
taining a few improved methods . of analysis. 
8vo, cloth net, 101.50 

and SUIililVAN, E3. O. (University of Mlchl- 

fan). First Book in Qualitative Chemistry, 
'or Studies of Water Solution and Mass Ac- 
tion. Twelfth Edition, entirely rewritten. 12mo, 
cloth net, $1.50 

PBSSSS, A. Design of Electrical Machinery. Svo, 

cloth. Illus In Press. 

PRITCHARD, O. G. The Manufacture of Eleo- 

tric-liffht Carbons. Illustrated. 8vo, paper. 
f0.6O 

PROST, E. Manual of Chemical Analysis as Ap« 

f»lied to the Assay of Fuels, Ores, Metals, Al- 
oys, Salts, and other Mineral Products. Trans- 
lated from the orierinal by J. C. Smith. Part I. 
Fuels, Waters, Ores, Salts, and other mineral 
industrial products; Part II, Metals; Part III, 
Alloys. 8vo, cloth net, 94*S0 

PUIiliEN. W. W. F. Application of Graphic 



ULiIilfin* W« vv* af\ j^ppiiCMiion ox vrsvpiuc 

Methods to the Desisrn of Structures. Specially 
prepared for the use of Ensineers.^ A Treat- 
ment by Graphic Methods of the Forces and 
Principles necessary for consideration in the 
Bridges, Trusses, Framed Structures, Wells, 
Bridsres, Trusses, Framed Structures, Roofs, 
Bams, Chimneys, and Masonry Structures. 
12mo, cloth, profusely illustrated, net, $2.50 

PUIiSIFER, nr. H* Notes for a History of Lead. 

Svo. cloth, flriU top $4.00 

PUTSOHy A. Gas and Coal-dust Flrtev. A Crit- 
ical Review of the Variotw Appliances Pat- 
ented in Germany for this Purpose since. 1885, 
With diagrrams and flarures. Translated from 
the Gtorman by Charles Salter. 8vo, cloth, il- 
lustrated n«t. fS.OO 

FTNCHON. T. R., Prof. Introduction to Chemi- 
cal Physics, desigrned for the use of Acade- 
mies, Collerea »nd Higrh Schools. Illustrated 
with numerous engrravinrs, and containing 
copious experiments, with directions for pre- 
parinsr them. New Edition, revised and en- 
farffed, and illustrated by 2«» wood enmjr 
InffS. Svo, cloth f».oo 
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RADFORD, C. S., Lieut. Handboolc on Nats] 

Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. S. 
Marine Corps, and U. S. Naval Reserves. Re- 
vised and enlarged, with the assistance of 
Stokely Mor^ran. Lieut U. S. N. Third Edition, 
revised and enlarged. 12nio, flexible leather. 
net, 92 .00 

RAB^TSSR^ G. W. Treatment of Septic Sewasc 

(Van Nostrand's Science Series, No. 118). l€mo, 
cloth 90.50 

' a nd RAKElRy M. N. Sewage Disposal In the 

United States. Illustrations and folding: plates. 
New Revised and IBnlargred Edition. 4to, 
cloth 96.00 

RAIKBSy H. P. The Design, Constmctlon and 

Maintenance of Sewag:e Disposal Worlcs. Be- 
in? a Practical Guide to Modern Method* of 
Sewasre Purification. 414 pp., 8vo, cloth. 
net, 94^00 

Railway Shop TJp-to-Date. A reference book 

of up-to-date American railway shop practice. 
' Compiled by the editorial staff of the '*Rail- 
way Master Mechanic." With Innumerable He- 
ures, dlagrrams and drawings. 248 pp., 4tt;, 
cloth, illustrated aet« 98.00 

RAM, G. S.. The Incandescent Ijamp and Its 

Manufacture. 8Vo, cloth net, 98.00 

RAMP'f H« M. Fonndry Fmctlce In Fresa 

RAlfDAIX, P. M. anarta Operatov'a Handhoolb 

New Edition, revised and enlarged, fully Il- 
lustrated. 12mo, cloth 92.C0 

RANDAV. P. Bnamela and SSnamcllliiv. An in- 
troduction to the preparation and application* 
of all kinds of enamels for technical and artis- 
tic purposes. For enamel-makers, workers In 
sold and silver, and manufacturers of objects 
of art. Third German Edition. Translated 
by Charles Salter. With flffures, diagrams and 
tables. 8vo, dath, illustrated net, 94.00 

RANKIlfB, W. J. M. Applied Mechanics. Com* 

prisinff the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, 
and Machines. With numerous diagrams. Sev- 
enteenth Edition, thoroughly revised by W. J. 
Millar. 8vo, cloth 99.00 



—-Civil Biurtneerlng. Cfpntprislair Bngfnfiartip 

Surveys, Earthwork, Foundations, ^fasonry. 
Caxpentry, Metal-work, Roadi, Railways, 
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Canals, Rivers, Water-works, Harbors, etc 
With numerous tables and illustrations. 
Twenty-first Edition, thoroughly revised by 
W. J. Millar. 8vo, cloth 96.60 

Machlnciy and Bllllwork. Comprising tlae 

Geometry, Motions, Work, Strength, Construc- 
tion, and Objects of Machines, etc. With near- 
ly 300 woodcuts. Seventh Edition, thoroughly 
revised by W. J. Millar. 8vo, cloth . .95.00 

The Steam-enarine and Other Prime Movera. 

With diagram of the Mechanical Properties of 
Steam. Folding plates, numerous tables and 
illustrations. Fifteenth Edition, thoroughly 
revised by W. J. Millar. 8vo, cloth ....96. 00 

U aefnl Rules and Tables for engineers and 

Others. With Appendix, Tables, Tests and 
Formulae for the use of Electrical Engineers. 
Comprising Submarine Electrical Engineering, 
Electric Lighting and Transmission of Power. 
By Andrew Jamieson, C.E., F.R.S.E. Seventh 
Edition, thoroughly revised by W. J. Millar. 
8vo, cloth ..94.00 

a nd BAMBESR, S3. F., C.S2. A MeclianlcAI 

- Text-book. With numerous illustrations. Fifth 
Edition. 8vo, cloth 98.60 

RAPHAEIiy F. C. liocalisatlon of Faults In ESee- 

tric Light and Power Mains, with chapters on 
Insvlatlon Testing. With figures and dia- 

grams. Second Edition, revised. 8vo, • cloth, 
lustrated net, 98.00 

RATBAUy A. Experimental Researches on the 

Flow of Steam through Nozzles and Orifices, 
to which is added a note on the Flow of Hot 
Water. (Extrait des Annales des Mines, Janu- 
• ary, 1902.) Authorized translation by H. Boyd 
Brydon. With figures, tables, and folding 
plates. 8vo, cloth, lllus net, 91. 



RAirSBSNBERGBm^ F. The Theory of the ReesQ 

of Guns with Recoil Cylinders. Translated by 
Alfred Slater. 124 pp. 8 folding plates. 8yo. 
cloth, illustrated net, 94.50 

RAUTBNSTRAVCH, "W.. Prof. Syllabns of Lec- 
tures and Notes on the .Elements of Machine 
Design. With blank pages for note-taking. 
8vo, Doards, illustrated net, 91.60 

■and WIIililAMS, J. T. Machine Drafting and 

Bmpirlcal Design. A Textbook for Students in 
Bngineering Schools and Others who are be- 
ginning the study of Drawing as Applied to 
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Machine Deslgrn. Part I, Machine Drafting. 

Illustrated, 70 pp., 8vo, cloth net, 91.2S 

Complete In Two Parts. P?irt 11 In preparation. 

RAYMOND, B. B. Alternatlms-cnrreiit Bnslii- 

eerlngr Practically Treated. With numerous 
diagrams and figrures. Second Edition. 12mo, 
cloth : net, 92. SO 

RAYNEJR, H. Silk Throwlngr and \ira«te Silk 

Spinning* With numerous diagrrams and figr- 
ures. 8vo, cloth, illus net, $2.50 

RESGIPESS for the Color, Paint, Vamisli, Oil, Soap 

and Drysaltery Trades. Compiled by an Ana- 
lytical Chemist. 8vo, cloth $3.50 

RECIPBS FOR FLINT GLASS MAKING. Belns 

Leaves from the mixing-book of several ex- 
perts in the Flint Glass Trade. Containingr up- 
to-date recipes and valuable information as 
to Crystal, Demi-crystal, and Colored Glass in 
its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing:, etc., 
as well as the most costly Crystal and Ruby. 
British manufacturers have kept up the qual- 
ity of this glass from the arrival of the Vene- 
tians to Hungry Hill, Stourbridge, up to the 
present time. The book also contains remarks 
as to the result of the metal as it left the pots 
by the respective metal mixers, taken from 
their own memoranda upon the originals. 
Compiled by a British Glass Master and Mixer. 
12mo, cloth net, M-SO 

REBD'S BNGINBBRS' HANDBOOK to the Local 

Marine Board Examinations for Certificates 
of Competency as First and Second Class En- 
gineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 
358 diagrams and 37 large plates. Seventeenth 
Edition, revised and enlarged. 8vo, cloth, 95.00 

Key to tlie Seventeenth EJdition of Reed's 

Engineers' Handbook to the Board of Trade 
Examination for First and Second Class En- 
gineers, and containing the workings of all 
the questions given in the examination papers. 
By W. H. Thorn. 8vo, cloth $3.00 

—— Useful Hints to Sea-soinar Bnsineers. and 

How to Repair and Avoid "Breakdowns;" also 
apnendices containing Boiler Explosions, Use- 
ful Formulae, etc. With 42 diagrams and 8 
plates. Third Edition, revised and enlarged. 
12mo, cloth « fl. 
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Marine Boilers. A Treatise on tlie Causes 

and Prevention of their Priming", with Re- 
marks on their General Management. 12mo, 
cloth, illustrated 92.00 

RBINHARDT, C. W, lietterincr for Draftsmen, 

Engineers, and Students. A Practical System 
of Free-hand Lettering for Working Draw- 
ings. Revised and enlarged edition. Twenty- 
ninth Thousand. Oblong boards 91.00 

T he Technic of Mechanical Drafting. A 

Practical guide to neat, correct and legible 
drawing, containing many illustrations, dia- 
grams and full-page plates. 4to, cloth, illus. 
91.00 

lUSISESR, F. Hardening and Tempering of Steel, 

in Theory and Practice. Translated from the 
German of the third and enlarged edition, by 
Arthur MOrris and Herbert Robson. 8vo, 
cloth, 120 pages 92.50 

Jf. Faults in the Manufacture of "Woolen 

Goods and their Prevention. Translated from 
the second German edition, by Arthur Morris 
and Herbert Robson. 8vo, cloth. Illustrated. 
net, 92.50 

Spinning and 'Weaving Calculations irith 

special reference to Woolen Fabrics. Trans- 
lated from the German by Chas. Salter. 8vo, 
cloth, illustrated net, 95.00 

RENWICK, IV. 6. Marble and Marble TVorkin^. 

A handbook for architects, sculptors, marble 
quarry owners and workers and all engaged 
in building and decorative industries. 250 pp. 
72 illustrations. 13 colored plates. 8vo, cloth. 
net, 96.00 

RICE, J. M., and JOHNSOIC, IV. IV. On a New 

Method of Obtaining the Differential of Func- 
tions, with especial reference to the Newton- 
iah conception of Rates or Velocities. 12mo, 
paper 90.50 

RICHARDS, F., and COLVIN, F. H. Perspective, 

Practical, (Isometric). Flexible cloth . . .90.50 

RICHARDSON, J. A Practical Treatise on tl. 

Theory Deslgrnp ConBtruction and Use ot 
The Modern Steam Engine. 380 pp. 29.^ 
illustrations. 8vo, doth..... net. 



—• S. S. Marcnetism and BlectrlcttT' aad tk% 

Principles of Electrical Measurement 214 Il- 
lustrations. 604 ppk 12mOr oloth... .ixot* 
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RIDEAIi, S., D.9c. Glue and Glne Tevtiaff. wltk 

ngrures and tables. 8vo, cloth, illustrated. 
net, 94.00 

RIPPBR, "W, A CQuvue of Instmctlon tm Ma- 
chine Drawing: for Technical Schools and En- 
grineer Students. With 52 plates and numer- 
ous explanatory engrsLvinga. Folio, cloth, 
net, $6.00 . 

ROBERTS, J., Jr. Laboratory Vi^ortc In Blectrl- 

cal Engrineering; (Preliminary Grade.) A series 
of Laboratory Experiments for First and Sec- 
ond Year Students of Electrical Enfirine^rinff. 
With Fisrures, Diagrrams and Tablos. 8vo, 
cloth, illustrated net, ^.00 

ROBERTSON, L. S. Water-tvbe BoUera. Baaed 

on a short course of Lectures delivered at Uni- 
• versity College, London. With upward of 
170 illustrations and diagrrams. Svo, cloth, il- 
lustrated 9S.00 

ROBINSON, J. B. ArcUtectvral CompoaltlOB. Aa 

attempt to order and phrase Ideas which hith- 
erto had been only felt by the instinctive 
taste of desigrners. Svo, cloth, 233 pp., 178 Il- 
lustrations net, 9X90 

S. W. Practical Treatise on the Teeth of 

Wheels, with the theory and the use of Rob- 
inson's Odontograph. Third Edition, revised, 
with additions. 16mo, cloth. Illustrated. (Van 
No9trand's Science Series.) fO. 



ROEBLING, J. A. Lonff and Short Span Rail- 
way Bridges. Illustrated with largre copper- 
plate engravings of plans and views. Imper- 
ial folio, cloth $20.00 

ROGERS, AliLEN. A Laboratory Gnide of In- 

dui^trial Chemistry. Illustrated. 170 pp. Svo, 
cloth net, flJSO 

a nd A1TBERT, A. B. Indnatrtal Chemlatrj. 

Written by a staff of eminent specialists. 
> > In Pros. 

ROLLINS, W. Notes on X-Llffht. lUTIth 152 fnU- 

page plates. Svo, cloth, illustrated, net, 97.B0 

ROSE, J., M.E. The Pattem-makera' Aaslatant. 

Embracing Lathe Work, Branch Work, Core 
Work, Sweep Work and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and 
valuable Tables. Ninth Edition. With 250 
engravings. Svo, cloth $2.60 
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K ey to Engrtnes and Enslne-rannlnsr* A 

Practical Treatise upon the Management of 
Steam-engrines and Boilers for the use of those 
who desire to pass an examination to take 
charge of an engine or boiler. With numerous 
illustrations, and Instructions upon Engi^aeers' 
Calculations, Indicators, Diagrams, JBjngine 
Adjustments and other Valuable Information 
necessary for Engineers and Firemen. 12mo. 
cloth. Illus $2.50 

T « K* The Precfoiu Metals. Comprlstair 

f:old, silver, and platinum. 46 Illustrations. 
vo, cloth, 811 pp. (Van Nostrand's Westmin- 
ster Series.) ' net, 92.00 

ROSBNHAm, l^V. Glass Manufacture, Illustrat- 
ed. 8vo, cloth, 175 pp. (Van Nostrand's West- 
minster Series.) net, $2.0Q 

ROSSITBRy J. T. Steam XSnslnes. 8to« clotli. 

(Van Nostrand's Westminster Series.) 
In Press. 

P umps aud Pumplnir Machinery. Sroy cloth. 

(Van Nostrand's Westminster Series.) 
• In Pre'" 

ROTH. Physical Chemistry In Press. 

ROmiililON, LOUIS. Cams. The Drafting of. 

Pamphlet $0.26 

M anual Tralnlngr* The economics of. A 

Study of the Cost of Equipping and Maintain- 
ing Hand Work in the Elementary and .Sec- 
ondary Schools. 8vo, cloth f2.00 

ROTITAN, F. J. The Practical Physics of the 

Modern Steam-boiler. With an Introduction 
by Prof. R. H. Thurston. With numerous il- 
lustrations and diagrams. 8vo, cloth, ■ illus- 
trated $7.50 

RUHMBRt B:. . TVlreless Telephony in Theory and 

Practice. Translated from the German by 
James Ersklne-llttrraj. With an At> 
by the Translator, and numerous figures and 
half-tones. Illufltrated. 224 pp., 8vo. clot* 
.net, 99JBO 

RUSSC:iiL, ALEXANDER. The Theory of Elec- 
tric Cables and Networks. 71 illustrations. 
279 pp. Svo, cloth net, $&00 

SABINE, R. History and Progress of the E^lec- 

tric Telegraph. With descriptions of some of 
the apparatus. Second Edition, with additions. 
12mo, cloth $1.25 
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SAEIiTZESR, A. Treatise on Acoiutica In Con« 

nection with Ventilation. 12mo, cloth, fl.OO 

SALOMONS, Sir D., M.A. Klectrlc-Uvlit InstaUa- 

tions. A Practical Handbook. With numerous 
illustrations. Vol. I., The Managrement of Ac- 
cumulators. Ninth Edition, revised and mostly 
rewritten. 12mo, cloth $1.50 

Vol. II. Apparatus. Seventh Edition, revised 
and enlarged. ^96 lllus. 12mo, cloth 92.2S 

Vol. III. Applications. Sev.enth Edition, re- 
vised and enlarged. 12mo, cloth $1.50 

— — — Manasement of Acciunnlators. A Practical 

Handbook. Ninth Edition, revised. (An edi- 
tion, mostly rewritten, of Volume I of Electric 
Liigrht Installations and the Management of 
Accumulators.) With figures and plates. 
12mo, cloth, illustrated net, $2.50 

SANFORD, P. G. Nltro-ezploslves. A Practical 

Treatise concerning the Properties, Manufac- 
ture and Analysis of Nitrated Substances, in- 
cluding the Fulminates, Smokeless Powders • 
and Celluloid. Second Edition, revised and 
enlarged. 8vo, cloth .* net, $4.00 

SAUNDESRS, C. H. Handbook of Practical Me- 
chanics for use in the Shop and Draughting- 
room; containing Tables, Rules and Formulae, 
and Solutions of Practical Problems by Simple 
and Quick Methods. 16mo, limp cloth. $1.00 

SAUNNIER, C. 'Watclimaker'a Handbook. A 

Workshop Companion for those engaged in 
Watchmaking and allied Mechanical Arts. 
Translated by J. Tripplin and E. Rigg. Sec- 
ond Edition, revised, with appendix. 12mo. 
cloth $3.00 

SCHEIiLElN. H., Dr. Magneto-electric and Dyna- 
mo-electric Machines: their Construction and 
Practical Application to Electric Lighting, and 
the Transmission of Power. Translated from 
the third German edition by N. S. Keith and 
Percy Neymann, Ph.D. With very large ad- 
ditions and notes relating to American Ma- 
chines, by N. S. Keith. Vol. I, with 353 illus- 
trations. Second Edition. 8vo, cloth, $5.00 

SCHERER, R. Casein: Its Preparation and 

Technical Utilization. Translated from the 
German by Chas. Salter. 8vo, cloth, illus- 
trated net, $8.00 
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SCHMAIili, G. N. First Course in Aniaytle Ge- 
ometry, Plane and Solid, with Numerous Ex- 
amples. Containing figures and dia^rrams. 
12mo, half leather; illustrated net, 91.75 

an4 SHACK, S. M. Isiiements of Plane Ge- 
ometry. An Elementarv Treatise. With many 
examples and diagrrainH. 12mo, half leather, 
illustrated net, $1.25 

SCHMESGR. Lonia. Flow of lyatert A New The- 
ory of the Motion of Water under Pressure, 
and in Open Conduits and its Practical Appli- 
cation. 8vo, cloth, illustrated In Press. 

SCHUMANN, F. A Manval of Heatlnv and Ven- 
tilation in its Practical Application, for the 
use of Engineers and Architects. EmbracinsT a 
Series of Tables and Formulae for Dimensions 
of Heating, Flow and Return Pipes for Steam 
and Hot- water Boilers, Flues, etc. 12mo, il- 
lustrated, full roan $1.60 

SCHWBIZBR, V. Dlstniatton of Reslna, Resln- 

ate Lakes and Pigments; Carbon Pigments and 
Pigments for Typewriting Machines, Manifold- 
ers, etc. A d^cription of the proper methods 
of distilling resin-oils, the manufacture of 
resinates, resin-varnishes, resin-pigments and 
enamel paints, the preparation or all kinds of 
carbon pigments,, and printers' ink, litho- 
graphic inks and chalks, and also inks for 
typewriters, manifolders, and rubber stamps. 
With tables and 68 figures and diagrams. 8vo, 
cloth, illustrated net» 98.60 

SCRIBNBR, J. M. Engineers' and Meehanlea' 

Companion. Comprising United States Weights 
and Measures, Mensuration of Superflces and 
Solids, Tables of Squares and Cubes, Square 
and Cube Roots, Circumference and Areas of 
Circles, the Mechanical Powers, Centres of 
Gravity, Gravitation of Bodies, Pendulums, 
Specific Gravity of Bodies, Strength, Weight 
and Crush of Materials, Water-wheels, Hydro- 
statics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables 
of the Weight of Metals, Scantling, etc.. Steam 
and Steam-engine. Twenty-first Edition, re- 
vised. 16mo, full morocco $1.60 

SEATON. A. B. A Manual of Marine Engineer- 

ing. Comprising the Designing, Construction 
and Working of Marine Machinery. With 
numerous tSLoles and illustrations reduced 
from Working Drawings. Sixteenth Edition, 
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revised througrhout, with an additional chapter 
on Water- tube Boilers. Syo, cloth.. net, fS.09 

md ROUNTHWAITB, H. M. A Pocket-book 

of Marine Engrineerinir Rules and Tables. For 
the use of Marine Enfirineers and Naval Archi- 
tects, Desigrners, Draugrhtsmen, Superintend- 
ents and all en^aered in the deslgrn and con- 
struction of Mlarlne Machinery, Naval and 
Mercantile. Seventh Edition, revised and en- 
larged. Pocket size. Lieather, with diagrams. 
fS.OO 

SEIDBLIi, A. (Bureaw of Chemistry, Wash., D. 

C). Solubilities of Inorganic and Organic 
Substances. A handbook of the most reliable 
Quantitative Solubility Determinations. 12mo, 
cloth, 367 pp .• net, $3.00 

SBVER, G. P., Prof. EUectrlc Engineering Ex- 
periments and Tests on Direct-current Ma- 
chinery. With diagrams and figures. Second 
edition, revised and enlarged. 8vo pamphlet, 
illustrated, 75 pp net, fl.OO 

a nd TOW^IfSEND, F. Laboratory and Fac- 
tory Tests in Electrical Engineering. Second 
Edition, revised and rewritten. 8vo, cloth, il- 
lustrated, 269 pp net, 92 .60 

SEWAIili, C. H. Wireless Telegraphy. With 

diagrams and engravings. Second Edition, 
corrected. 8vo, cloth, illustrated ...net, 92.00 

^-^liessons In Telegraphy. For nse as a Text- 
book in schools and colleges, or for individual 
students. Illustrated. 12mo, cloth 91.00 

SEWEIili, T. Elements of Electrical Engineer- 
ing. A First Year's Course for Students. Sec- 
ond Edition, revised, with additional chapters 
on Alternating-current Working and Appen- 
dix of Questions and Answers. With many 
diagrams, tables and examples. 8vo, cloth, il- 
lustrated, 432 pages net, 93.00 



Constmctlon of Dynamos (Alternating 

and Direct Current). A text-book for students, 
engineer-constructors, and electricians-in- 
charge. 8vo, cloth., illus., 316 pp. ..net, 93.00 

SEXTON, A. H. Fuel and Refractory Materials. 

8vo, cloth 92.00 

Chemistry of the Materials of Engineering. 

A Handbook for Engineering Students. With 
tables, diagrams and illustrations. 12mo, 
dloth« iUutftrgt^ « » ,....93,90 
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— Aa Outltiie ' of the MetnUnrgy of Irov 

Steel. Illustrated. 620 pp. 8vo, cloth. 
nett 96.50 

SBYMOUR, A. Practical liithocrrapliy. Wltlt 

flfiTures and engravings. Svo, cloth, illustrated. 
net, 92 .50 

SHAW, P. E. A Fl^st-year Course of Practical 

Magnetism and Electricity. Specially adapted 
to the wants of Technical Students. Inter- 
leaved for note-taking. 8vo, cloth, illustrated. 
..net, 91.00 

' S , The History of the Staffordshire Potter- 
ies, and the Rise and Progress of the Manu- 
facture Of Pottery and Porcelain; with ref- 
erences to genuine specimens, and notices of 
eminent potters. A re-issue of the original 
work puhlished in 1829. 8vo, cloth. Illustrated. 
net, $3. CO 

Chemistry of the Several Natural and Arti- 
ficial Heterogeneous Compounds used in Man- 
ufacturing Porcelain. Glass and Pottery. Re- 
issued in its original form, published in 18.37. 
8vo, cloth J . . . .net, 95.00 

SHBLDON, S., Ph.D., and MASON, H., B.S. Dy- 
namo-electric Machinery: its Construction, De- 
sign and Operation, Direct-current Machines. 
Seventh Edition, revised. 8 vo, cloth, illustraed. 
net, 92 . 50 

SHBLDON, S., MASON. H., and HAUSMANN. E. 

Alternating-current Machines: being the sec- 
ond volume of the authors' "Dynamo-elec- 
, trie Machinery: Its Construction, Design and 
Operation." "With mar»v diaarrams and figures. 
(Binding uniform with volume T.) Seventh 
Edition, completely rewritten. 8vo, cloth. Il- 
lustrated net, 92.60 

SHIEiLDS, J. E:. Notes on Bngineeringr Con- 
struction. Embracing Discussions of the Prin- 
ciples involved, and Descriptions of the Ma- 
terial employed in Tunneling, Bridging, Canal 
and Road Building, etc. 12mo, cloth ...91.50 

SHOCK, 1¥. H. Steam Boilers t their Desig^n, 

Construction and Management. 4to, half mo- 
rocco 915.00 

SHRBVB, S. H. A Treatise on the Strengrth of 

Bridges and Roofs. Comprising the determin- 
atlQii of M8Blft:fei9t! fbZBUilMki tKit atvirinli in 
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Horizontal, Inclined or Rafter, Trlansnilar, 
Bow-string:, Lenticular and other Trusses, 
from fixed and movlngr loads, with practical 
applications and examples, for the use of 
Students and Engineers. 87 wood^^ut illustra- 
tions. Fourth Edition. Svo, cloth 93. SO 

SHITNK, W. F. The Field Engineer. A Handy 

Book of practice in the Survey, Location and 
Track-work of Railroads, containlngr a largre 
collection of Rules and Tables, original and 
.selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special ref- 
erence to the wants or the young engineer. 
Nineteenth Edition, revised and enlarged. 
With addenda. 12mo, morocco, tucks ...$2.50 

SIMMS, F. IV. A Treatise on the Principles and 

Practice of Leveling. Showing its application 
to purposes of Railway Engineering, and the 
Construction of Roads, etc. Revised and cor- 
rected, with the addition of Mr. Laws' Practi- 
cal Examples for setting out Railway Curves. 
Illustrated. Svo. cloth S2.80 

I 3 P rnctIcal Tnnnellnjr. Fonrtia Edition. Re- 

vicfed ana greatly extended. With additional 
chapters illustrating recent practice by D. 
Kinnear Clark. With 36 plates and otbsr il- 
lustrations. Imperial Svo, cloth 98.00 

SIMPSON, G. The Naval Constimctor. A Vade 

Mecum of Ship Design, for Students, Naval 
Architects, Ship Builders and Owners, Marine 
Superintendents, Engineers and Draughtsmen. 
12mo, morocco, illustrated. 500 pages, net, $5.00 

SINCIiAIR, ANGUS., Mem. Anu Soc. Meeh. Eng'rs. 

Development of the Locomotive Engine. Be- 
ing a history of the growth of the locomotive 
from the most elemental forms, with biograph- 
ical sketches of the eminent engineers and 
inventors. Half leather $5.00 

SINDAIili, R. W. The Mannfactnre of Paper. 

58 illustrations. Svo, cloth, 286 pp. (Van 
Nostrand's Westminster Series.) net, $2.00 

SLATER, J. W. SeWage Treatment, Purification 

and Utilization. A Practical Manual for the 
Use of Corporations. Local Boards, Medical 
Officers of Health, Inspectors of Nuisances, 
Chemists, Manufacturers, Riparian Owners, 
Engineers and Hate-payers. 12mo, cloth, $2.26 

SLOANE, T. 0'C« Blementary Eleetrieal Calen- 

lations: a manual of simple engineering math- 
•maueg; eor«rta9 th« whol* lirtd of div«it ma- 
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rent calculations, the basis of alternatlngr oar- 
rent mathematics, net works and typical cases 
of circuits, with appendices on special sub* 
Jects. 314 pp. 12mo, cloth, Illustrated. 
• net. 9^99 

SMITH, F. B. Handbook of General Instnictloa 

for Mechanics. Rules and formulae for prac- 
tical men. 12mo, cloth, lUus., 324 pp., net, $1.50 

' I « "W.. C. E3, The Theory of Deflections and 

of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Aligrn- 
ments of Railway Tracks. Illustrated. 16mo, 
morocco, tucks f&OO 

J. C. Blannfactnre of Paint. A Practical 

Handbook for Paint Manufacturers, Merchants 
and Painters. With 60 Illustrations and one 
larg:e diagram. 8vo, cloth net, $8*00 

" W. Chemistry of Hat BlannfaetnTinK; Ijcc- 

tures delivered before the Hat Manufacturers' 
Association. Revised and edited by Albert 
Shonk. 12mo, cloth. Illustrated ....net, 98.00 

SPilBSIjIi, A. T. Electric Motive Poweri The 

Transmission and Distribution of Electric 
Power by Continuous and Alternate Currents. 
With a Section on the Applications of Blec- 
tricity to Mining: Work. Second Edition. 8vo. 
cloth, illustrated net, $4*00 

SlfOW^ W. 6. Pocketboofe of Steam Heattnir and 

Ventilation In Press. 

a nd NOIiAN, T. Ventilation of Bnlldlnffs. 

16mo, cloth (Van Nostrand's Science. Series.) 
00.50 

SODDY, F. Radioactivity; An Elementary Trea- 
tise from the standpoint of the disintegration 
theory. With 40 flgrures and dlagrrams. 8vo, 
cloth, Illustrated net, 98*00 

SOIiOMONT, M. Electric Lamps. 112 lUastvatlons. 

8vo, cloth, 339 pp. (Van Nostrand's Westmin- 
ster Series.) net, 98.00 

SOTHERN« J. TV. The Marine Steam Turbine. A 

practical description of the Parsons Marine 
Turbine as now constructed, fitted and run, in- 
tended for the use of students, marine engi- 
neers, superintendent engineers, draughtsmen, 
works managers, foremen, englneerif and oth- 
ers. Third Edition, rewritten up to date and 
greatly enlarged. 180 illustrations and fold- 
ing' piates; 8Cr2 pp. 8vo^ olotfa« ..-»... .astr 
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SOXHLSST, D. H. Axt of Dyelu and StatBliiK 

Marble, Artlfloial Stone, Bone, Horn. Ivory and 
Wood, and of imitating all sorts of Wood. A 
practical Handbook for the use of Joiners, 
Turners, Manufacturers of Fancy Gtoods, Stick 
and Umbrella Makers, Comb Makers, etc. 
Translated from the German by Arthur Mor- 
ris and Herbert Kobson, B.Sc. 8vo, cloth, 170 
pasres net, «2.60 

SPANG, H. TIT. A Practical Trcattoc •!! Llipht- 

ningr Protection. With flsrures and diagrrams. 
12iho, cloth fl.OO 

SPDYSSRS, C. li.. Text-book of Pkyalcal Chem- 
istry. 8vo, cloth : 92.26 



STAHL, A. W^ and WOODS, A. T. BlcaicKtary 

Mechanism. A Text-book for Students of Me- 
chanical EnfiTineerinfiT. Fifteenth Edition. 12mo, 
cloth 92.00 

STAIiBT, C, and PIBRSOlf, G. S. The Scpamte 

System jpf Sewerafire: its Theory .and Construc- 
tion. Third Edition, revised and enlarged. 
With chapter on Sewagre Disposal. With 
maps, plates and illustrations. 8vo, cloth, fS.OO 

STAHDAGB, H. C. Lcatbcrworkcn' Maavalt 

belnsr a Compendium of Practical Recipes and 
WorKinfiT Formulae for Curriers, Boot-makers, 
Leather Dressers, Blacking^ Manufacturers, 
Saddlers, Fancy Ijeather Workers, and all per- 
sons engaged in the manipulation of leather. 
8vo, cloth net, 98.60 

■ ' ■ SeallBsr Waxes* Wafers, and Other Adhc« 

sives. For the Household, Office, Workshop 
and Factory. 8yo, cloth, 96 pages, net, 92.00 

— AjrarlvtlaaBta of all Kinds for all Paryoacs. 

12mo, cloth, 267 pp 98.60 

STANSBIEy J. H. Irate and SteeL With tables 

and 86 figures and diagrams. 375 pp. Illus- 
trated. 12mo, cloth. (Westminster Series) 
net, 92.00 

STEVBNS, H. P. Paper Mill Chendst. 07 lUiu- 

trations. 82 tables. 280 pp. ISmo, cloth. 
.r .net, 9S*60 

STCWART, A. Modem Polyphase Machinery. 

With diagrams and engravings. 12mo, cloth, 
illustrated net, 92.00 

STIIiBSt A* Tables for Field SSncinccrs. De- 
signed for Use in the Field. Tables containing 
all the Functions of a One Degree Curve, from 
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which a correspondinsr one can be found for 
any required Degree. Also, Tables of Natural 
Sines and Tangrents. 12mo, cloth $1.00 

STILiIiMAN, P. Steam-enslne Indicator and the 

Improved Manometer Steam and Vacuum 
Gauees; their Utility and Application. New 
Edition. 12mo, flexible cloth ....$1.00 

STODOLA, Dr. A. Steam Turbines. With an 

appendix on Gas Turbines, and the future of 
Heat Engrines. Authorized translation by Dr. 
Louis. C. Loewenatein (Lehigh Univei*8ity). 
With 241 cuts and 3 lithographed tables. 8vo, 
cloth, illustrated net* 95.00 

STONB, HBRBERT, F.Ii.S., F.R.C.I. The Timbers 

of Commerce and their Identification. With 
186 Photo-Micrographs. 8vo; cloth 98.50 

R .. Gent. New Roads and Road Jmwu 

in the United States. ■ 200 pages, with num- 
• erous illustrations. 12mo, cloth $1.00 

SUDBOROU6H, J. J., and JABIKS, T. C. Praetl- 

oal Organic Chemistry. 92 illustrations. 894 
pp., 12mo, cloth net, $2.00 

SUFFICING, K. R. Treatise on the Art of Glass 

Painting. Prefaced with a Review of Ancient 
Glass. With engravings and colored plates. 
8vo, cloth net, 93.50 

SWAN, K. The Law and Commercial Vsase of 

Patents, Designs and Trade Marks. 408 pp., 
8vo, cloth. (Van Nostrand's Westminster Se- 
ries.) net, 92.00 

S'WVimTf S. H. Special Report on Coal, Showing 

its Distribution, Classification, and Costs de- 
livered over Different Routes to Various 
Points In the State of New York and the 
Principal Cities on the, Atlantic Coast. With 
maps. 8vo, cloth 93.00 

SM^OOPB, C. liV. Practical licssons In Electric- 
ity: Principles, Experiments, and Arithmetical 
Problems. An Elementary Text-,book. With 
numerous tables, formulae, and two large In- 
struction plates. 8vo, cloth, illustrated. 
Tenth Edition, revised net, 92.00 

TAIIiFBR, li. Practical Treatise on the Bleach- 
ing of Linen and Cotton Yarn and Fabrics. 
With tables and diagrams. Translated from 
the French by John Geddes Mcintosh. 8vo, 
cloth, Illustrated ; . net, 95.00 

TBBIPLBTON, "W. The Practical Mechanic's 

Workshop Companion. Comprising a great 
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variety of the most useful rules and formulae 
in Mechanical Sciemce, with numerous tables 
of practical data and calculated results facili- 
tating mechanical operations. Kevised and 
enlarged by W. S. Hut ton. 12mo, morocco. 
92.00 

TBRRYy H. li. India Rubber and Its Mannftie- 

ture. With chapters on Gutta-Percha and Ba- 
lata. With figures. Illustrated. 284 pp., Svo, 
cloth net. «9.00 

THOM, C, and JONES, W. H. Telesrrapbic Con- 
nections: embracing Recent Methods in Quad- 
ruplex Telegraphy. 20 full -page plates, some 
colored. Oblong, 8vo, cloth 91.50 

THOMAS, C. IV. Paper-makers' Handbook. A 

Practical Treatise. Illustrated In Press. 

THOMPSON, A. B. OU Fields of Russia and tbe 

Russian Petroleum Industry. A Practical 
Handbook on the Exploration, Exploitation, 
and Management of Itussian Oil Properties, 
including Notes on the Origin of Petroleum 
in Russia, a Description of the Theory and 
Practice of Liquid Fuel, and a Translation of 
the Rules and Regulations concerning Russian 
Oil Properties. With numerous illustrations 
and photographic plates and a map of the 
Balakhany-Saboontchy-Romany Oil Field. 8vo, 
cloth, illustrated net, 97.50 

B . P., M.E2. How to Make Inventions t or. 

Inventing as a Science and an Art. A Prac- 
tical Guide for Inventors. Second Edition. 
8vo, boards 90.50 

" W, P. Handbook of Patent liaw of All 

Countries. Thirteenth Edition, completely re- 
vised, March, 1905. 16mo, cloth 91.50 

THORNIiBY, T. Cotton Combing Machines. 

With Numerous tables, engravings and dia- 
grams. 8vo, cloth, illustrated, 343 pages. 
net, 98.00 

THURSO, J. W. Modem Tnrblne Practice and 

Water-Power Plants. With eighty-efght fig- 
ures and diagrams. 8vo, cloth, illustrated. 
Second Edition,, revised net, 94.00 

TINNEY, W. H. Gold-mlning Macblnery; Its 

Selection, Arrangement, and Installation. A 
Practical Handbook for the use of Mine Man- 
agers and Engineers. With a chapter on the 
Preparation of Estimates of Cost. 8vo, cloth, 
illustrated, 308 pp net, 95.00 
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TITHSRIiESY, PROF. A. W. Laboratory Course 

of Organic Chemistry, Jncludlng Qualitative 
Organic Analysis. With figures. 8vo. Cloth. 
Illustrated \.net, 92.00 

TOCH, M. Chemistry and Teclinologry of Mixed 

Paints. With 60 Photo-micrographs and En- "^^ 
gravlngs. Svo, cloth., illus., 166 pp., net, $8.00 

TODD, J., and WHAIjIi, TV. B. Practical Sea- 
manship for Use in the Merchant Service: In- 
cluding all ordinary subjects; also Steam 
Seamanship, Wreck Lifting, Avoiding Colli- 
sion, Wire Splicing, Displacement and every- 
thing necessary to be known by seamen of the 
present day. Fifth Edition, with 247 illus- 
trations and diagrams. Svo, cloth, net, $7.50 

TONGE2, J. Coal. 'With Figures, Half-tones, Ta- 
bles and maps. Illustrated. 275 pp., Svo, cloth. 

: $2.00 

TOOTHBD GEARING. A Practical Handbook 

for Offices and Workshops. By a Foreman 
Patternmaker. 1S4 illus. 12mo, cloth ...$2.25 

TRANSACTIONS of the American Institute of 

Chemical Engineers. Vol. I for 1908. Svo, 
cloth net, $0.00 

TRATMAN, B. E. R. Railway Track and Track- 
work. With over 200 illus. Svo, cloth.. $S.50 

TRAVERSE TABLE, Showlaur Latitude and De- . 

parture for each Quarter Degree of the Quad- 
rant, and for Distances from 1 to 100, to which 
is appended a Table of Natural Sines and Tan- 

fents for each five minutes of the Quadrant. 
Reprinted from Scribner's Pocket Table 
Book.) Van Nostrand's Science Series. 16mo, 

cloth $0.50 

Morocco $1.00 

TRINKS, W., and HOUSUM, C. Shaft Governors, 

16mo, cloth, Illustrated. (Van Nostrand's 
Science Series.) $0.50 

TUCKER, J. H., Dr. A Manual of Sugar Analy- 
sis, including the Applications in General of 
Analytical Methods to the Supar Industry. 
With an Introduction on the Chemistry of 
Cane-Sugar, Dextrose. Levulose, and Milk- 
Sugar. Sixth Edition. Svo, cloth, Illus. ..$3.50 

TUMLIRZ, O., Dr. Potential* and Its Apipllcatlon 

to the Explanation of Electrical Phenomena, 
Popularly Treated. Translated from the Ger- 
man by D. Robertson. 12mo, cloth. 111. $1.25 
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TI7NNE2R, P. A* Treatlae on RoU-tamlns for 

the Manufacture of Iron. Translated and 
adapted by John B. Pearse, of the Pennsylva- 
nia Steel Works, with numerous ensravinsrs. 
wood-cuts. 8vo» cloth, with folio atlas of 
plates 910.00 

TURBAYNE, A. A. Alphabets and Numerals. 

With 27 plates. 4to, boards $2.00 

TURRIIili, S. M. An Klementary Course In Per- 
spective In Press. 

IJNDERHIIili, C. R. Solenoids, Bleetromasmets 

and Electromagrnetic Windings. Illustrated. 
8vo, cloth In Press 

URaVHART, J. "W. Blectrlc Llflrlit Ftttlnir. Bm- 

bodyingr Practical Notes on Installation Man- 
agement. A Handbook for Working: Electrical 
■ Engrineers. With numerous illustrations. 12mo, 
cloth 92.00 

Blectro-platlng. A Practical Handbook on 

the Deposition of Copper, Silver, Nickel, Gold, 
Brass, Aluminum, Platinum, etc. Fourth Edi- 
tion. 12mo 1 92.00 

I E lectrotypiny. A Practical Manual Forming 

a New and Systematic Guide to the Reproduc- 
tion and Multiplication of Printing Surfaces, 
etc. 12mo 92.00 

' E lectric Ship LlKhtlnff. A Handbook on the 

Practical Fitting: and Running of Ship's Elec- 
trical Plant. For the Use of Ship Owners and 
Builders, Marine Electricians and Sea-grolngr 
Engineers-in-Charg:e. Illus. 12mo, cloth, 98.00 

UNIVERSAL TELEGRAPH CIPBTOR CODE. Ar- 

ranered for General Correspondence. 12mo, 
clot^ 91.00 

VACHER, F. Food Inspector's Handbook. A 

practical gruide for medical officers, meat in- 
spectors, army officers, students and others. 
Fifth Edition. 75. illustrations. 289 pp., 12mo, 
cloth net, 92*50 

VAN NOSTRAND'S Cbcmlcal Annual, based on 

Biedermann's "Chemiker Kalender." Edited 
by Prof. J. C. Olsen, with the co-operation of 
Eminent Chemists. Revised and Enlargred. 
Second issue 1969. 12mo. cloth net, 92.80 

—Year Book of Mecliantcal Bn^neerlng; Data* 

With many tables and diagrrams. (First year 
of issue of 1910.) In Press. 
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TAN WAGENBN, T. F. Manual of HTdraiiUc 

Mining:. For the Use of the Practical Miner. 
Revised and enlarged edition. 18mo, cloth. 
$1.00 

VEGA, VON (Baron). liOgrarlthmlc Tables of 

Numbers and Trigonometrical Functions. 
Translated from the 40th, or Dr. Bremiker's 
thoroughly revised and enlarged edition, by 
W. L. F. Fischer, M.A., F.R.S. Eighty-first 
Edition. 8vo, half morocco $2.50 

VIIiliON, A. M. Practical Treatise on the 

Leather Industry. With many tables and il- 
lustrations and a copious index. A transla- 
tion of Villon's "Tralte Pratique de la Fabrica- 
tion des Culrs et du Travail des Peaux," by 
Frank T. Addyman, B.Sc. 8vo, cloth, illus- 
trated net, 910.00 

VINCENT, G. Ammonia and Its Compounds: 

their Manufacture and Uses. Translated from 
the French by M. J. Salter. Svo, cloth, illus- 
trated net, $2 .00 

VOLK, C. Hanlagre and Winding ' Appliances 

Used in Mines. With plates and engravings. 
Translated from the German. Svo, cloth, il- 
lustrated net, $4.00 

VON GEORGIEVICS, G. Chemical Technology 

of Textile Fibres: their Origin, Structure, 
Preparation, Washing, Bleaching, Dyeing, 
Printing, and Dressing. Translated from the 
German by Charles Salter. With many dia- 
grams and figures. Svo, cloth, illustrated. 

306 pages net, f4.60 

Contents: — The Textile Fibres; Washing, 
Bleaching, and Carbonizing; Mordants and 
Mordanting; Dyeing, Printing, Dressing and 
Finishing; Index. 

Chemistry of Dyestnffs. Translated from 

the Second German edition by Chas. Salter. 
Svo, cloth, 412 pages ....net, 94.50 

WABNER, R. Ventilation In Mines. Translated 

from the German by Charles Salter. With 
plates and engravings, ^vb, cloth, illustrated, 
2f40 pages net, $4.50 

WADE, E. J. Secondary Batteries t their The- 
ory, Construction and use. With innumerable 
diagrams and figures. Svo, cloth, illustrated, 
492 pages net, $4.00 

WAIiKEB, F., O.E. Aerial Na^lffatlon. A Prac- 
tical Handbook on the Construction of Dirigi- 
bl« BUloons* Aerostats," Aeroplaaes and Aero- 
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motors. With diagrams, tables and Illustra- 
tions. 8vo, cloth. Illustrated, 151 padres. 
net, 9S.00 

— — Blectrlc lilirbtlns for Marine ntostneem, or 

How to Ligrht a Ship by the Blectric Idsrht and 
How to Keep the Apparatus in Order. Second 
Edition. 103 iUus., 8vo, cloth $2.00 

— — S. F. Steam. Boilers, Bnfflnes and Turbines. 

Turbines. 256 illustrations. 410 pp., 8vo. cloth. 
9S.O0 

-—Marine Refrlsemtlon* Heating and Temtlla- 

tion. 228 pp., 12mo, cloth In Press. 



B leetrldty In Mining* Svo, elotlM. Uli 
trated $81(0 

W . H. Screw Propulsion. Notes on Screw 

Propulsion; its Rise and History. 8vo, cloth. 
00.75 

WAIiLIS-TAYLSR, A. J. Bearlnss and Lubrica- 
tion. A Handbook for Bvery user of Machin- 
ery. Fully illustrated. 8vo, cloth $1.00 

Modern Cycles, a Practical Handboolc on 

Their Construction and Repair. With 800 il- 
lustrations. 8vo, cloth $4.00 

Motor Cars, or Power Ciurrlases for Common 

Roads. With numerous illustrations. Svo, 
cloth $1.80 

M otor Telilcles for Business Purposes. 8ro, 

cloth, illustrated <. ...net, $8.C0 

P ocket Book of Refrigeration and lee Mak- 

inff. Fourth Edition, enlarsred. With 81 dia- 
grrams ahd numerous tables. 12mo, cloth, 
illustrated $1.~~ 



— Refrlfferatlnv and Ice-making Machinery* A 

Descriptive Treatise for the use of persons . 
employing refrifferatinfir and ice-makinfir In- 
stallations, and others. 8yo, cloth, illus., $S.OO 

R efrigeration and Cold Storage t being a 

Complete practical treatise on the art and 
science of refrigeration. €00 pages, 861 dia- 
grams and figures. 8vo, cloth net, $4.50 

Sugar Machinery. A DeserlptlTe Treatise. 

devoted to the Machinery and Apparatus used 
in the Manufacture of Cane and Beet Sugars. 
Second Edltion.enlarged and extensively revised. 
12mOi cloth, illustrated $2.00 

WANKLYN, J. A. A Practical Treatlae on the 

Examination of Milk and its Derivatives, 
Cream, Butter imd Cheese. 12mo, doth, $1.00 
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W ater Analysla. A Practieal Treatise on the 

Examination of Potable Water. Eleventh Edi- 
tion. 12mo, cloth 92 .00 

"WAHSBROirGH, W. D. The A B C of the Dif- 
ferential Calculus. 12mo, cloth S1.50 

WARD, J. H. Steam for the Blllllon. A Popidar 

Treatise on Steam» and its application to the 
Useful Arts, especially to Navigation. 8vo, 
cloth 91.00 

WAnSNGf G* S2.» Jr. Sewemipe and Ijand Drain* 

afre. Illustrated with woodcuts in the text, 
and full-page and folding plates. New Edi- 
tion In Press. 

M odem Methods of Sewage Disposal for 

Towns^ Public Institutions and Isolated 
Houses. Second Edition, revised and en- 
larged. 260 pages. Illustrated. Cloth, $2.00 

H ow to Drain a Honse. Practieal Infor- 

mation for Householders. Third Edition, en- 
larged. 12mo, oloth $1.25 

WARRBlf. F. D. Handh^ok on Reinf onced Con- 
crete. I6mo, cloth, illustrated net, 92.60 

WATBOlf, R. P. Small Rngines and Boilers. A 

Manual of Concise and Specific Directions for 
the Construction of Small Steam-engines and 
Boilers of Modern Types from five Horse- 

Sower down to model sizes. Illustrated with 
fumerous Diagrams and Half-tone Cuts. 12mo, 
cloth 91 .25 

W^ATT, A. Blectro-plating and Bleetro-reftning 

of Metals: being a new edition of Alexander 
Watts' "Electro-Deposition." Revised and 
largely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 8vo, cloth, 
illustrated, 680 pages net, 94.00 

B leetro-metallnrgy Practieally Treated. 

Eleventh Edition,, considerably enlarged. 12mo, 
cloth 91.00 



Art of Soap-making. A Praetieal Hand- 
book of the Manufacture of Hard and Soft 
Soaps, Toilet Soaps, etc. Including many New 
Processes, and a chapter on the Hecovery of 
Olycerine from Waste Lyes. With illustra- 
tions. Fifth Edition, revised and enlarged. 
•to. elotfa 98.00 
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—— Leather Maiinfactiiret belny a Practical 

Handbook, in which the Operations of Tan- 
nins:, CurryinsT and Leather Dressinar are 
Fully Described, and the Principles or Tan- 
ning: Explained, and many Recent Processes 
Introduced. With numerous illustrations. 
Fifth Edition, thoroughly revised and en- 
larged net. 94.00 

WEAIiBy J. A Dictionary of Terms Used In Ar- 
chitecture, Building, Engineering, Mining, 
Metallurgy, Archaeology, the Fine Arts, etc, 
with explanatory observations connected with 
applied Science and Art. Fifth Edition, re- 
vised and corrected. 12mo, cloth 92.60 

WEATHER AND WEATHER INSTRUMENTS. 

Illustrated. 175 pp paper, $ .60 

cloth» 91*00 

WEBB, H. Ij. a Practical Guide to the Testing 

of Insulated Wires and Cables. Illustrated. 
12mo, cloth 91*00 



Telephone Handbook. 128 Illnstratloas. 

146 pages. 16mo, cloth 91«00 



WEBBER, W. H. Y. Town Gas tor Idglitfnff and 

Heating. Illustrated. 275 pp., 8vo, doth. (Van 
Nostrand's Westminster Series.) net. 



WBBKBS, R. W. The Design of Alternate Cur- 
rent Transformers. Illus. 12mo, cloth ...91*00 

WBISBACH. J. A Mannal of Theoretical Me- 
chanics. Ninth American edition. Translated 
from the fourth augmented and improved Ger- 
man edition, with an Introduction to the Cal- 
culus by Bokley B. Coze, AM., Mining Engin- 
eer. 1,100 pages and 902 woodcut illustra- 
tions. 8vo, cloth 99.00 

Sheep 97. 



jd HERRMANN, G. Mechanlca of Air Bla- 

chlnery. Authorized translation, with an ap- 

Eendlx on American practice by A. Trow- 
ridge. With figures, diagrams, and folding 
plates. 8vo, cloth. Illustrated net, 98.76 

WESTON, B. B. Tables Showing Loss of Head 

Due to Friction of Water in Pipes. Fourth 
Edition. 12mo, cloth 91«~' 



WEYMOUTH, F. M. Dnim Armatures and Com- 
mutators. (Theory and Practice.) A com- 
plete Treatise on the Theory and CoBOtruotloa 
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of Drum Winding, and of commutators for 
closed-coil armatures, togrether with a full 
r^snm^ of some of the principal points in- 
volved in their design, and an exposition of 
armature reactions and sparking. 8vo, cloth. 
$8.00 

WHEEIiESR, J. B. Prof. Art of "War. A Course 

of Instruction in the Elements of the Art and 
Science of War, for the Use of the Cadets of 
the United States Military Academy, West 
Point. N. Y. 12mo, cloth fl.75 

F ield Fortifications. The ESlements of Field 

Fortifications, for the Use of the Cadets of the 
United States Military Academy, West Point, 
N. Y. 12mo, cloth $1.75 

W^HIPPLB, S.9 CB. An Blementary and Prac- 
tical Treatise on Bridge Building. 8vo, cloth. 
$3 . 00 

WILKINSON, H. D. Submarine Cable liayiss 

and Repairing. Second Edition, completely re- 
vised. 313 illustrations. 680 pp., 8vo, cloth. 
net, $$*00 

WILLIAMS, A. D., Jr., and HUTCINSON, R. 'W. 

The Steam Turbine In Press. 

WILLIAMSON, R. S. On the Use of the Baro- 
meter on Surveys and Reconnaissances. Part 
I. Meteorology In its Connection with Hyp- 
sometry. Part II. Barometic Hypsometry. 
With illustrative tables and engrravings. 4to, 
cloth $15.00 

Practical Tables In Meteorology and Hyp- 
sometry, in connection with the use of the 
Barometer. 4to, cloth $2.80 

WILLSON, F. N. Theoretical and Practical 

Graphics. An Educational Course on the The- 
ory and Practical Applications of Descriptive 
Geometry and Mechanical Drawinfr. Prepared 
for students in General Science, Eneravlnflr, or 
Architecture. Third Edition, revised. 4to, 
cloth, illustrated net, $4.00 

WIMPBRIS, H. B. Internal Combvstlon ShtaFftae. 

114 illustrations. 8vo, cloth, 339 pp.. net. 



WINCHBLL, N. H.^ and A. N. Blements of Opti- 
cal Mineralo^. An Introduction to micro- 
scopic petrogrraphy, with descriptions of all 
minerals whose optical elements are known 
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